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PROCESS FOR DETECTING SPECIFIC NUCLEOTIDE 
VARIATIONS AND GENETIC POLYMORPHISMS 
PRESENT IN NUCLEIC ACIDS 

This 1nvtnt1on relates to a proctss for oetectlng nucleotide 
3 variations, nutations and polymorphism by amplifying nucleic acid 
sequences suspected of containing such stations or po1>morph1 sms and 
detecting then with sequence- specific oligonucleotides In i dot blot 
format. 

In rtcent years, the molecular basis of a number of human 

10 genetic diseases has been elucidated by the application of recombinant 
DNA technolow* In particular, the detection of specific polymorphic 
restriction sites In huaan genomic DNA associated with genetic 
disease, such as sickle-cell anemia, has provided clinically valuable 
Information for prenatal diagnosis. In these studies, the presence or 

15 absence of a specific site Is revealed by restriction fragment length 
polymorphism (RFLP) analysis, a method in which variation 1n the size 
of a specific genomic restriction fragment Is detected by Southern 
blotting and hybridization of the Immobilized genomic DNA with a 
labeled probe. RFLP analysis has proved useful 1n the direct 

20 detection of polymorphic sites that contain the nutation conferring 
the disease phenotype (e.g., Mst ll and sickle-cell anemia) as well as 
In linkage studies where a particular allelic restriction site Is 
linked to a disease locus within a family but not necessarily 1n the 
general population. Set, for example, Kan and Dozy, PNAS (USA), 75, 

23 5631 (1978), and Rubin and Kan, Lancet. 1985-1, 75 (1985), See also 
Geever et al., PNAS. (USA), 78, 5081 (1981) and Wilson et al., PNAS. 
(USA), 29, 3628 (1982). 

In a second method, called "oligomer restriction", a 
synthetic end-labeled oligonucleotide probe 1s annealed In solution to 

30 the target genomic DNA sequence and a restriction enzyme Is added to 
cleave any hybrids formed. This method, the specificity of which 
depends on the ability of a base pair mismatch within the restriction 
site to abolish or Inhibit cleavage. Is described more fully by Sa1k1 
et al.. Biotechnology, 2, 1008-1012 (1985). In addition, the 
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sensitivity of this technique may bt enhanced by utilizing a 
polymerase chain rtictlon procedure wherein tht sample 1$ first 
subjtcttd to treatment with specific primers, polymerise and 
nucleotides to amplify the signal for subsequent detection. This 1s 
3 described more fully by Salkl et al.. Science, 230. 1350-1353 (1985). 

A third method for detecting allelic variations which is 
Independent of restriction site polymorphism utilizes sequence- 
specific synthetic oligonucleotide probes. See Conner et al., PNAS 
(USA), 80, 78 (1983). This latter technique has been applied to the 
10 prenatal diagnosis of al -antitrypsin deficiency (K1dd et al., ftture. 
304, 230 (1983)) and ^thalassemia (Plrastu et i) t> N. Engl. J. Had. , 
309. 284 (1983)). In addition, the technique has been applied to 
study the polymorphism of HLA-DR0 using Southern blotting (Angel 1n1 et 
al., PNAS (USA), 83, 4489-4493 (1986)). 

15 The basis for this procedure Is that under appropriate 

hybridization conditions a short oligonucleotide probe of at least 19 
bases (19-mer) will anneal only to those sequences to which it 1s 
perfectly matched, a single base pair mismatch being sufficiently 
destabilizing to prevent hybridization. The distinction between the 

20 allelic variants Is based on the thermal stability of the duplex 
formed between the genomic ONA and the oligonucleotide (19-mer) probe. 

In addition, methods for detecting base pair mismatches 1n 
double-stranded RNA and RNA:DNA heteroduplexes have been described 
using pancreatic rlbonuclease (ftNase A) to cleave the 
25 heteroduplexes. Winter et al., PNAS (USA), 82:7576-7579 (1985) and 
Myers et al., Science. 230:1242-1246 (1985). The principal deficiency 
of this method Is Its Inability to recognize all types of base pair 
mismatches. 

Both the RFLP and oligonucleotide probe stability methods 
30 are relatively complex procedures, requiring restriction enzyme 
digestion, gel-f ractlonatlon of the genomic DMA, denaturatlon of the 
ONA, Immobilization of the ONA either by transfer to a filter meabrane 
or desslcatlon of the gel Itself, and hybridization of a labeled probe 
to the electrophoretlcally resolved array of Immobilized genomic 
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restriction fragments. These sttps art necessary, for the 
oligonucleotide probe stability method, due to the complexity of hunt* 
genomic DMA. Restriction and electrophoresis are necessary to 
separate the target sequence ("signal") from the rest of the genome 
5 ("noise"), and hybridization In the gel (Instead of filter transfer) 
1s necessary to retain as much target sequence as possible. Even 
then, detection of a signal 1n a 10 ug san?le using a high specific 
activity klnased probe requires an autoradiographic exposure of four 
days. 

10 In addition, the approach of Conner et al. requires at least 

a 19-mer probe for reasons of specificity (a shorter probe would 
hybridize to wore genomic fragments), as well as possibly 
sensitivity. Shorter probes (e.g., 16<mers), however, would show more 
sequence-specific discrimination because a single mismatch would be 

15 more destabilizing. 

There 1s a need 1n the art for a simplified method with 
Improved sensitivity and specificity for directly detecting single- 
base differences 1n nucleic acids such as genomic DNA. 

Accordingly, the present Invention provides a method for 
20 detecting single or nultlple nucleotide variations 1n nucleic add 
sequence from any source, for use In detecting any type of disease or 
condition. The method herein directly detects the sequence variation, 
eliminating the need for restriction digestion, electrophoresis, and 
gel manipulations otherwise required. In addition, the method herein 
25 provides for Improved specificity and sensitivity of the probe; an 
Interpretable signal can be obtained with a 0.04 ug sample In six 
hours. Thirdly, If the amount of sample spotted on a membrane Is 
Increased to 0.1-0.5 ug, noft-1sotop1cal1y labeled oligonucleotides may 
be utilized rather than the radioactive probes used In previous 
30 methods. Finally, the process herein is applicable to use of 
sequence-specific oligonucleotides less than 19-mers 1n size, thus 
allowing use of more discriminatory sequence-specific 
oligonucleotides. 
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Specifically, the present Invention provides * or » 
process for detecting the presence of a nucleotide variation 
in sequence in a nucleic acid contained in a sample, which 
process comprises s 

(a) treating the sample, together or sequentially! with 
four different nucleoside triphosphates, an agent for 
polymerisation of the nucleoside triphosphates, and two 
oligonucleotide primers, for said nucleic acid containing said 
variation under hybridising conditions, such that a primer 
hybridises to said nucleic acid and an extension product of 
the primer is synthesised which is complementary to said 
nucleotide variation in sequence, wherein said primers are 
selected such that the extension product synthesized from one 
primer, when separated frosi its complement, can serve as a 
template for synthesis of the extension product of the other 
primer; 

(b) treating the sample under denaturing conditions to 
separate the primer extension products from their templates; 

(c) treating the sample, together or sequentially, with 
said four nucleoside triphosphates, an agent for 
polymerisation of the nucleoside triphosphates, and 
oligonucleotide primers such that a primer extension product 
is synthesised using each of the single strands produced in 
step (b) as a template, wherein steps (b) and (c) are repeated 
a sufficient number of times to result in detectable 
amplification of the nucleic acid containing the sequence 
variation; 

(d) treating the membrane under hybridisation conditions 
with a labeled sequence-specific oligonucleotide probe capable 
of hybridising with the amplified nucleic acid sequence only 
if a sequence of the probe is complementary to a region of the 
amplified sequence; and 
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<•> detecting whether the probe has hybridized to an 
amplified sequence In the nucleic acid sample. 

Steps (b) and (c) are preferably repeated at least five 
ttaes, and men preferably 15-30 times If the staple contains huun 
5 genomic OKA. If the sample comprises cells, preferably they are 
heated before step (a) to expose the nucleic acids therein to the 
reagents. This step avoids purification of the nucleic adds prior to 
reagent addition. 

In variations of this process, the prlaer(s) and/or 
10 nucleotide triphosphates are labeled so that the resulting amplified 
sequence 1s labeled. The labeled prlmer(s) and/or nucleotide 
trlphosphate(s) can be present 1n the reaction alxture Initially or 
added during a later cycle. The sequence-specific oligonucleotide 
(unlabeled in thia variation} la affix ad to a mambrane and traatad 
15 undar hybridization conditions with the labelad amplification product 
ao that hybridisation will occur only if the membrane-bound eeouence 
la praeant In tha amplification product. 

In another embodiment, the Invention herein relates to a kit 
for detecting the presence or absence of at least one nucleotide 
20 variation In sequence 1n one or aore nucleic adds contained in a 
sample, which kit comprises, in packaged font, a »ult1 container unit 
having: 

(a) one container for each oligonucleotide priaer for each 
nucleic add strand containing each different variation being 

25 detected, which pr1aer<s) are substantially complementary to each 
strand containing each different variation, such that an extension 
product synthesized froa one priaer, when It Is separated from its 
complement, can serve as a template for the synthesis of the extension 
product of the other priaer so as to produce one or aore amplified 

30 nucleic add sequencers if the sequence variation(s) are present; 

(b) a container for an agent for polymerization; 

(c) a container for each of four different nucleotide 
triphosphates; 
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<<S) one container for each labelad sequence-specific oligonucleotide 
capable of hybridising vith each possible sequence variation ia tha amplified 
5 nucleic acid sequences and 

(•) coatalaer(e) for reagents which detact hybridisation of tha 
probes to tha amplified sequence. 

Ia alternative forma tha kit may comprise tha aacassary primers tad a 
prob« attached to a membrane or tha probe and tha membrane separately, tha 
10 lattar for blading of tha amplified nucleic acid thereto. 

Regarding gaaatie diseases, vhlla tTU requires a polymorphic 
raatrlctloa aita to ba associated vith tha disease, sequaaco-epeclf ic 
ollgoauclaotldaa dlractly datact tha ganatic lesion aad ara gaaarally more 
uaaful for tha analysis of such ganattc diaaaaaa aa hemoglobin C dlsaaaa. 
13 ori-anti trypsin and 6-thalassemla which r a suit from single or multiple bass 
mutations. Ia addition, tha ollgonuclaotldas can ba uaad to distinguish 
batwaan ganatic variants which raprasant dlffarant allalas (e.g., HUt typing), 
indicating tha feasibility of a sequenee-speclf ic oligonucleo tide-baaed HLA 
typing kit. 

20 Tha term "nucleotide variation la sequence" rafara to any single or 

multiple nucleotide substitutions, delations or insertions. These nucleotide 
variations may ba mutant or polymorphic allele varlatlone. Therefore, the 
process herein can detect single nucleotide changes la nucleic acids such as 
occur la sVglobla genetic diaaaaaa caused by single-base sutatloaa, additions 

25 and dalatioaa (soma i-thalaasemlaa t aicla call anemia, hemoglobin C dlaaasa, 
etc.), aa wail aa multiple-base variations such aa ara involved with 
^-thalassemia or soma ft-thalaesemlae.' Tha process caa alao detect 
polymorphisms, which ara not naceaaarily aaaociatad with a disease, but ara 
merely a condition la which two or mora different nucleotide sequences 

30 (whather having substituted, delated or laaartad auclaotida base paira) caa 
exist at a particular aita la tha auclale acid la tha population, aa with ELK 
ragloaa of tha human g en ome and random polymorphisms such aa In mitochondrial 
SNA. Tha polymorphic sequence-specific oligonucleotide probes deacrlbed ia 
detail hereinafter may ba uaad aa ganatic markara linked to a dlaaaaa such aa 

35 insulin-dependent diabetes or in forensic appllcetlone. If tha nucleic acid 
la double-etranded, tha nucleotide variation in sequence be come a a baae pair 
variation in sequence. 
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Tht ttrm •ollgonucltotldt" at ustd htrtln Is dtflntd is i 
moltcult comprlstd of two or mort dtoxyrlbonucltotldts or 
rlbonucltotldts, prtftrably mort than thrtt. Its txact s1zt will 
dtptnd on many factors, which 1n turn dtptnd on tht ultimata function 
5 or ust of N tht ollgonucltotldt. Tht ollgonucltotldt iaay bt dtrlved 
synthttlcally or by cloning. 

Tht ttna "primer" as ustd htrtln rtftrs to an 
ollgonucltotldt, whtthtr occurring naturally as In a puHfltd 
rtstHctlon dlgtst or productd synthttlcally, which Is capablt of 

10 acting as a point of Initiation of synthtsls whtn plactd undtr 
conditions 1n which synthtsls of a primer txttnslon product which 1s 
complementary to a nucltlc acid strand Is Inductd, i.e.. In tht 
prtstnct of four dlfftrtnt nucltotldt triphosphates and an agtnt for 
polymerization such as DMA polymtrast 1n an approprlatt bufftr 

15 (•buffer - Includes pH, Ionic strtngth, cofactors, ttc.) and at a 
suitable temperature. 

Tht primer 1s preferably single strandtd for maxlnum 
efficiency In amplification, but may alternatively be double 
stranded. If double stranded, the primer 1s first trtattd to stparate 
20 Hs strands btfort being ustd to prepare txttnslon products. 
Preferably, tht primer 1s an ol 1 godeoxy ribonucleotide. Tht primer 
must bt sufficiently long to prime the synthtsls of txttnslon products 
In tht prtstnct of tht agent for polymerization. Tht txact lengths of 
tht primers will dtptnd on many factors. Including ttmptraturt and 
25 source of primer and ust of tht method. For txamplt, depending on tht 
complexity of the target sequence, the ollgonucltotldt primer 
* typically contains 15-25 nucleotides, although 1t may contain more or 

fewer nucleotides. Short primer molecules generally require lower 
/ temperatures to form sufficiently stable hybrid complexes with the 

V' 30 template. 

Tht primers herein art stltcted to bt "substantially" 
complementary to tht dlfftrtnt strands of each specific sequence to bt 
amplified. This means that tht primers mjst bt sufficiently 
complementary to hybridize with thtlr respective strands. Thtrtfort, 
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tht pMmtr stqutnct need not rtfltct tht exact stqutnet of tht 
template. For example, • non-complementary nucleotide fragmtnt may be 
attached to tht 5' tnd of tht primer, with tht rtmalndtr of tht primer 
Stqutnct btlng complementary to tht strand. Typically, tht pMmtrs 
5 havt exact complementarity to obtain tht btst dtttctlon results. 

Tht Urn "sequence-specific oligonucleotides" refers to 
oligonucleotides which will hybridist to specific sequences, whether 
or not contalntd on alltlts which stqutnces span tht nucltotlde 
variation btlng dtttcttd and art specific for tht stqutnct variation 
10 btlng dtttcttd. Otptndlng on tht stqutncts btlng analyzed, ont or 
mort sequence-specific ollgonucltotldts nay bt employed for each 
stqutnct, as dtscrlbtd furthtr htrtlnbtlow. 

As used herein, tht term 'thermostable enzyme" rtftrs to an 
enzyme which Is stablt to heat and Is htat rtslstant and catalyzes 

IS (facilitates) combination of tht nucleotides 1n tht proptr manner to 
form tht primer extension products which art complementary to tach 
nucleic add strand* Generally, tht synthesis wilt bt Initiated at 
tht 3* tnd of tach primer end will procttd In tht 5' direction along 
the template strand, until synthesis terminates, producing molecules 

20 of different lengths. There may be thermostable enzymes, however, 
which Initiate synthesis at the 5' end and proceed In the other 
direction, using the same process as described above. A purified 
thermostable enzyme 1s described more fully 1n Example VII! 
herelnbelow. 

25 The present Invention 1s directed to a process for 

amplifying any one or more specific nucleic add sequences (as defined 
herein to contain one or more nucleotide variations) suspected of 
/ being 1n ont or more nucleic acids. 

In general, tht present process Involves a chain reaction 
30 for producing, In exponential quantities relative to the number of 
reaction steps Involved, at least one specific nucleic add sequence 
given (a) that tht ends of the required sequence are known 1n 
sufficient detail that oligonucleotides can be synthesized which will 
hybridize to them, and (b) that a small amount of the sequence 1s 
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avallablt to Initiate tht chain reaction. Tht product of tht chain 
rtictlon will bt a dltcrttt nucltlc add dupltx with tanalnl 
corrtspondlng to tht ands of tht sptclflc prlmtrs employed. 

Any nucltlc acid. In purified or nonpun/ltd form, can bt 
3 uttllxtd as tht starting nucltlc acid or adds 9 provldtd 1t is 
susptcttd of containing tht stqutnct btlng dttected. Thus, tht 
proctss may t^ploy, for txanplt, DNA or RNA, Including messenger RNA, 
which DNA or RNA nay bt slnglt strandtd or doublt stranded. In 
addition, a DNA-RNA hybrid which contains ont strand of tach may bt 

10 utilized. A mlxturt of any of thtst nucltlc acids may also bt 
teploytd, or tht nucltlc acids productd from a prtvlous amplification 
rtactlon htrtln using tht stmt or dlfftrtnt prlmtrs may bt so 
utilized, Tht sptclflc nucltlc add stqutnct to bt an*>11f1td may bt 
only a fraction of a largtr moltcult or can bt prtstnt Initially as a 

IS dlscrttt moltcult, so that tht sptclflc stqutnct constitute* tht 
entire nucltlc acid. 

It Is not necessary that tht sequtnct to bt amplified be 
prtstnt Initially 1n a purt form; It nay bt a minor fraction of a 
conpltx mixture, such as a portion of tht l-globln gtnt contained 1n 

20 whole huaan DNA, or a portion of nucltlc acid sequtnct due to a 
particular microorganism which organism might constitute only a very 
minor fraction of a particular biological samplt. Tht starting 
nucltlc add may contain more than ont desired specific nucleic add 
sequtnct which may bt tht same or dlfftrtnt. Therefore, tht present 

25 proctss Is ustful not tfnly for producing largt amounts of ont sptclflc 
nucltlc add stqutnct, but also for amplifying simultaneously more 
than ont dlfftrtnt sptclflc nucltlc add stqutnct located on the same 
or dlfftrtnt nucltlc add molecules If more than ont of tht base pair 
variations in stqutnct Is prtstnt* 

30 Tht nucltlc add or acids may bt obtained from any source, 

for tx ample, fro* plasmlds such as pBR322, from cloned DNA or RNA, or 
from natural DNA or RNA from any source. Including bacteria, yeast, 
viruses, organelles, and higher organises such as plants or animals. 
DNA or RNA may bt extracted from blood, tissue material such as 
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chorionic villi or amniotic colli by a variety of ttchnlquti such at 
that described by Manlatls ot el. f Holocular Cloning (1982), 280-281. 

Tht calls nay bt dlractly ustd without purification of tht 
nucleic acid If thay ara suspended 1n hypotonic bu'fer and haatad to 
3 about 90-100*C, until call lysis and dispersion of Intracallular 
components occur, generally about 1 to 15 minutes. After tha hasting 
stop tha amplification reagents my bt addad dlrtctly to tht lystd 
calls. This dlrtct call datactlon Mthod nay ba usad on parlpharal 
blood lymphocytes and amnlocytes. 

10 Any spadflc nuclalc acid sequence can bt amplified by tha 

prtsant process. It Is only ntcassary that a sufficient number of 
bases at both ends of tha sequence bo known 1n sufficient detail so 
that two oligonucleotide primers can bt prepared which will hybridize 
to different strands of the desired saqutnca and at relative positions 

15 along the sequence such that an extension product synthesized from one 
primer, when It 1s separated from Its template (complement), can serve 
as a template for extension of the other primer Into a nucleic add of 
defined length. The greater the knowledge about the bases at both 
ends of the sequence, the greater can be the specificity of the 

20 primers for the target nucleic add sequence, and thus the greater the 
efficiency of the process. 

It will be understood that the word 'primer" as used 
hereinafter may refer to more than one pMmtr, particularly 1n the 
case where there 1s some ambiguity In the Information regarding the 

25 terminal sequence(s) of the fragment to be amplified. For Instance, 
In the case where a nucleic acid sequence 1s Inferred from protein 
sequence Information, a collection of primers containing sequences 
representing all possible codon variations based on degeneracy of the 
genetic code will be used for each strand. One primer from this 

30 collection will be homologous with the end of the desired sequence to 
be amplified. 

The oligonucleotide primers may bt prepared using any 
suitable method, such as, for example, tht organic synthesis of a 
nucleic add from nucleoside derivatives. This synthesis may be 
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performed In solution or on a solid support. One type of organic 
synthesis Is the phosphotH ester method, which his bttn utlllztd to 
prepare gent fragments or short genes. In tht phosphotrltsttr method, 
oligonucleotides ere prepared that can then be joined together to form 
5 longer nucleic acids. For a description of this method, see Narang, 
s * *•< •* Neth. Eni^oK. 68, 90 (1979) and U.S. Patent No. 

4,356,270. The patent describes the synthesis and cloning of the 
somatostatin gene. 

A second type of organic synthesis It the phosphodl ester 
10 method, which has been utilized to prepare a ttNA gene. See Brown „ E. 
L *> " *oth« Enzvmol.. 68, 109 (1979) for a description of this 
method. As 1n the phosphotrlester method, this phosphodl ester method 
Involves synthesis of oligonucleotides that are subsequently Joined 
together to form the desired nucleic acid. 

Automated embodiments of these methods may also be 
employed. In one such automated embodiment, d1ethylphosphor«nid1tes 
are used as starting materials and may be synthesized as described by 
Beaucage et al., Tetrahedron Utters (1981), 22:1859-1862. One method 
for synthesizing oligonucleotides on a modified solid support 1s 
20 described 1n U.S. Patent No. 4,458,066. It 1s also possible to use a 
primer which has been Isolated from a biological source (such as a 
restriction endonuclease digest). 

The specific nucleic acid sequence Is produced by using the 
nucleic acid containing that sequence as a template. If the nucleic 

25 acid contains two strands. It Is necessary to separate the strands of 
the nucleic acid before It can be used as the teiq>1ate, either as a 
separate step or slnultaneously with the synthesis of the primer 
extension products. This strand separation can be accomplished by any 
suitable denaturing method Including physical, chemical or enzymatic 

30 meant. One physical method of separating the strands of the nucleic 
acid' Involves heating the nucleic acid until 1t 1s completely (>99t) 
denatured. Typical heat denaturatlon may Involve temperatures ranging 
from about 80 to 105 # C for times ranging from about 1 to 10 minutes. 
Strand separation may also be Induced by an enzyme from the class of 
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enzymes known as htl leasts or the enzyme RecA, which has htl lease 
activity and In tht prtstnet of MboATP Is known to denature DNA. Tht 
rtactlon conditions sultablt for stparatlng tht strands of nuclalc 
adds with htllcasts art dtscrlbtd by Kuhn iuf fmann-Berl 1 ng, CSH- 
5 Qutntltatlvt Biology. 43:63 (1978), and ttchnlquts for using RtcA art 
rtvltwtd In C. Redding, Ann. Rtv. Gtnttlcs. 26;40$O7 (1982). 

If tht original nuclalc acid containing tht sequence 
variation to bt amplified 1s slnglt stranded, Its complmnent Is 
synthesized by adding ont or two oligonucleotide primers thtrtto. If 

10 an appropriate slnglt primer Is added, a primer extension product 1s 
synthtslztd In tht prtstnet of tht primer, an agtnt for 
polymerl ration, and tht four nucleotide triphosphates dtscrl bed 
below. Tht product will bt partially complementary to tht single- 
stranded nucleic acid and will hybrldlzt with tht nucleic add strand 

15 to form a duplex of unequal length strands that may then be separated 
Into single strands as dtscrlbtd abovt to product two slnglt separated 
complementary strands. Alternatively, two appropriate primers may bt 
added to tht single-stranded nucleic add and the reaction carried 
out, 

20 If tht original nucleic acid constitutes tht entirt sequence 

variation to bt amplified, the prlmtr txttnslon product (s) produced 
will bt completely complementary to the strands of tht original 
nucleic acid and will hybridize therewith to form a duplex of equal 
length strands to bt separated Into single-stranded molecules. 

25 ^ When tht complementary strands of the nucleic acid or acids 

art separated, whether tht nucleic add was originally double or 
single stranded, tht strands art ready to bt ustd as a template for 
the synthesis of additional nucleic add strands. This synthesis can 
be performed using any suitable method. Generally It occurs 1n a 

30 buffered aqueous solution, preferably at a pH of 7-9, most preferably 
about 8. Preferably, a molar excess (for cloned nucleic add, usually 
about 1000:1 primer; te^late. and for genomic nucleic add, usually 
about 10 6 : 1 pr1mtr:ttmplatt) of tht two ollgonucltotldt primers 1$ 
added to the buffer containing tht separated template strands. It Is 
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understood, however, thit the amount of coeplementary strand may not 
be known If tht proctsi htrtln 1$ uttd for diagnostic applications, so 
that tht amount of primer relative to tht amount of coeplementary 
strand cannot bt determined with certainty. ' a practical matter, 
3 however, tht amount of primer added will generally bt 1n molar excess 
over tht amount of complementary strand (template) when tht sequence 
to bt amplified Is contained In a mixture of complicated long-chain 
nucleic acid strands. A large molar excess Is prtftrrtd to Improve 
tht efficiency of the process. 

10 Tht dtoxyMbonucleosldt triphosphates dATP, dCTP, d6TP and 

TTP art also added to tht synthesis mixture 1n adequate amounts and 
tht resulting solution Is htattd to about 90-100 # C for from about 1 to 
10 minutes, prtftrably from 1 to 4 minutes. After this heating period 
tht solution Is allowed to cool to room temperature, which 1s 

13 preferable for the primer hybridization. To tht cooled mixture Is 
added an agent for polymerization, and the reaction Is allowed to 
occur under conditions known In the art. This synthesis rtactlon may 
occur at from room temperature up to a temperature above which the 
Inducing agent no longtr functions efficiently. Thus, for example, If 

20 an coll DNA polymerase 1s used as agent for polymerization, the 
temperature Is generally no greater than about 40'C. Host 
conveniently the reaction occurs at room temperature. 

Tht agtnt for polymerization of the nucleotide triphosphates 
may bt any compound or system which will function to accomplish the 

25 synthesis of primer extension products, Including enzymes. Suitable 
enzymes for this purpose Include, for example, £. col 1 DMA Polymerase 
I, Klenow fragment of E. coll DNA polymerase I, T4 DNA polymtrase, 
other available DNA polymerases, reverse transcriptase, and other 
enzymes. Including heat-stable enzjmes, which will facilitate 

30 combination of the nucleotides in the proper manner to form the primer 
extension products which are complementary to each nucleic add 
strand. Generally, the synthesis will be Initiated at the 3' end of 
each primer and proceed In the 5' direction along the template strand, 
until synthesis terminates, producing molecules of different 

35 lengths. There may be agents, however, which Initiate synthesis at 
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tht 5 1 end ind proceed In tht other direction, using tht same procttt 
as dtscHbtd above. 

Tht newly synthesized strand and Its complement a ry nucleic 
•eld strand form a double-stranded molecule which Is used In the 
5 succeeding steps of the process. In the next step, the strands of the 
double-stranded molecule are separated using any of the procedures 
described above to provide single-stranded molecules. 

Hew nucleic acid Is synthesized on the single-stranded 
molecules. Addition*] agent for polymerization, nucleotides and 

10 primers may be added If necessary for the reaction to proceed under 
the conditions prescribed above. Again, the synthesis will be 
Initiated at one end of the oligonucleotide primers and will proceed 
along the single strands of the template to produce additional nucleic 
acid. After this step, half of the extension product will consist of 

13 the specific nucleic acid sequence bounded by the two pr1«*rs. 

The steps of strand separation and extension product 
synthesis can be repeated as often as needed to produce the desired 
quantity of the specific nucleic acid sequence. As will be described 
1n further detail be lew, the amount of the specific nucleic acid 
20 sequence produced will accunulate In an exponential fashion. 

When It is desired t> produce more than one specific nucleic 
add sequence from the first nucleic add or mixture of nucleic adds, 
the appropriate number of different oligonucleotide primers are 
utilized. For example. If two different specific nucleic add 
25 sequences are to be produced, four primers are utilized. Two of the 
primers are specific for one of the specific nucleic add sequences 
and the other two primers are specific for the second specific nucleic 
add sequence. In this manner, each of the two different specific 
sequences can be produced exponentially by the present process. 

*° The present Invention can be performed 1n a step-wise 

fashion where after each step new reagents are added, or 
s1*i!taneously, where all reagents are added at the Initial step, or 
partially step-wise and partially sloultaneous, where fresh reagent Is 
added after a given nunber of steps. If a method of strand 
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separation, such as heat, 1s employed which will Inactivate tht 
Inducing agent, as In tnt cast of a htat -labile enzyme, than It Is 
necessary to replenish tht agent for polymerization afttr every strand 
stparatlon step. Tht simultaneous method may 6t utlllztd when an 
3 enzymatic means Is ustd for tht strand stparatlon sttp. In tht 
simultaneous proctdurt, tht reaction mixture My contain. In addition 
to tht nucleic add strand(s) containing tht dtslrtd stqutnct, tht 
strand-separating enzyme (e.g., hellcase), an appropriate energy 
source for tht strand-stparatlng enzyme, such as rAT?, tht four 
10 nucleotides, tht oligonucleotide primers In molar txctss, and tht 
Inducing agent, e.g., Klenow fragment of E. coll DNA Polymerase I. 

If heat 1s ustd for denaturatlon 1n a simultaneous process, 
a heat-stable enzyme such as a thermostable polymerase may be employed 
which will optratt at an elevated temperature, preferably 6S-90 # C 

13 depending on the agent for polymerization, at which temperature the 
nucleic add will consist of single and double strands In 
equilibria. For smaller lengths of nucleic add, lower temperatures 
of about 50*C may be employed. The upper temperature will depend on 
tht temperature at which the enzyme will degrade or the temperature 

20 above which an Insufficient level of primer hybridization will 
occur. Such a heat-stable enzyme 1s described, e.g., by A. S. Kaledln 
et al., Blokhlmlva. 45, 644-651 (1980). Each step of the process will 
occur sequentially notwithstanding the Initial presence of all the 
reagents* Additional materials may be added as necessary. After the 

25 appropriate length of time has passed to produce the desired amount of 
tht specific nucleic add sequence, the reaction may be halted by 
Inactivating tht enzymes In any known manner or separating the 
components of the reaction. 

In an alternative method using a thermostable enzyme, 1n 
30 step (a) the primers, tnzym and nucleotide triphosphates are 
contacted with the nucleic acid sample. In step (b) the mixture Is 
contacted with tht enzyme. In step (c) the mixture Is heated for an 
effective time and at an effective temperature to promote the activity 
of tht tnzyme, and to synthesize, for each different sequence being 
35 amplified, , an extension product of each primer which Is complementary 
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to each nuclele acid strand tenplate, but not to high as to separatt 
each extension product from Its complementary strand template* 

In step (d) the mixture Is heated for an effective time and 
at an effective temperature to separate the primer extension products 
5 from the templates on which they were synthesized to produce single* 
stranded molecules, but not so high as to denature the enzyme 
Irreversibly. In step (e) the mixture Is cooled for an effective time 
and to an effective temperature to promote hybridization of each 
primer to each of the single-stranded molecules produced 1n step 

10 (d). Finally, In step (f) the mixture Is heated for an effective time 
and to an effective tenperature to promote the activity of the enzyme 
and to synthesize, for each different sequence being amplified, an 
extension product of each primer which Is complementary to each 
nucleic acid strand template produced 1n step (d), but not so high as 

15 to separate each extension product from its complementary strand 
template, where steps (e) and (f) may be carried out simultaneously or 
sequentially. 

A preferred thermostable enzyme which may be employed in the 
process herein Is extracted and purified from Thermus aquatlcus and 
20 has a molecular weight of about 86,000-90,000 daltons. This enzyme Is 
more fully described 1n Example VIII herelnbelc*. 

The process of the present Invention may be conducted 
continuously. In one preferred embodiment of an automated process 
wherein a thermostable enzyme 1s employed, the reaction may be cycled 

25 through a denaturing region, a primer annealing region, and a reaction 
region. In another embodiment, the enzyme used for the synthesis of 
primer extension products can be Immobilized In a coltmtn. The other 
reaction components can be continuously circulated by a pump through 
the colimm and a heating coll In series, thus the nucleic acids 

30 produced can be repeatedly denatured without Inactivating the enzyme. 

In one preferred embodiment even where a thermostable enzyme 
1s not employed and the temperature Is raised and lowered, one such 
Instrument Is an automated machine for handling the amplification 
reaction of this Invention, Briefly, this Instrument utilizes a 
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liquid handling system under computer control to Nki liquid transfers 
of enzyme stored at a controlled temperature In a flnt receptacle 
Into a second receptacle whose temperature is controlled by the 
computer to conform to a certain Incubation profile. The second 
3 receptacle stores the nucleic acid sequence(s) to be amplified plus 
the nucleotide triphosphates and primers. The co^uter Includes a 
user Interface through which a user can enter process parameters which 
control the characteristics of the various steps In the amplification 
sequence such as the times and temperatures of Incubation, the amount 
10 of enzyme to transfer, etc. 

A pmf%rr^4 machine which may be employed which Is 
specifically adapted for use with a thermostable enzyme utilizes 
temperature cycling without a liquid handling system because the 
enzyme need not be transferred at every cycle. Briefly, this 
15 Instrument consists of the following systems: 

1. A heat-conducting container for holding a given number 
of tubes, preferably 500 yl tubes, which contain the reaction mixture 
of nucleotide triphosphates, primers, nucleic acid sequences, and 
enzyme. 

20 A means to heat, cool, and maintain the heat-conducting 

container above and below room temperature, which vans has an input 
for receiving a control signal for controlling which of the 
te*>eratures at or to which the container 1s heated, cooled or 
maintained. (This may be Peltier* neat pmps available from Materials 

25 Electronics Products Corporation In Trenton, N.J. or a water heat 
exchanger. ) 

3. A co^uter means (e.g., a microprocessor controller), 
coupled to the Input of said means, to generate the signals which 
control automatically the amplification sequence, the temperature 
30 levels, and the temperature ramping and timing. ^ 

The present Invention Is demonstrated dlagramatlcally below 
where double-stranded OKA containing the desired sequence [S] 
comprised of co^lementary strands [S*] and [S~] Is utilized as the 
nucleic acid. ftjrlng the first and each subsequent reaction cycle 
* Tr*d« Mark 
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extension of each oligonucleotide primer on the original template will 
product ont new ssDNA molecule product of Indtflnltt Itngth which 
terminates with only ont of tht primers. Thtst products, htrtafter 
rtftrrtd to as "long products/ will accumulate in a Hntar fashion; 
5 that Is, tht amount prtstnt afttr any number of cycles will be 
proportional to tht numbtr of cycles. 

Tht long products thus produced will act as templates for 
ont or tht other of tht ollgonucltotldt primers during subsequent 
cycles and will product molecules of tht desired sequtnet [S*] or [$*] 
io Thtst molecules will also function as templates for ont or tht othtr 
of tht ollgonucltotldt primers, producing furthtr [S*] and [$'], and 
thus a chain reaction can be sustained which will result 1n the 
accumulation of [S] at an exponential rate relative to tht numbtr of 
cycles. 

15 By-products formed by oligonucleotide hybridizations other 

than those Intended are not stlf -catalytic (txcept In rare Instances) 
and thus accumulate at a linear rate. 

Tht specific sequence to be amplified, [S], can be depicted 
diagrammatical ly as: 



20 [S*] 5 1 AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3 # 

[$*] 3' TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5* 

The appropriate oligonucleotide primers would be: 

Primer 1: GGGGGGGGGG 
Primer 2: AAAAAAAAAA 



25 so that If DNA containing [S] 

. . . .zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. . . . 
....zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz.... 

1s separated Into single strands and Its single strands are hybridized 
to Primers 1 and 2, the following extension reactions can be catalyzed 
30 by DNA polymerase 1n the presence of the four deo*y ribonucleotide 
triphosphates: * 
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3* 5' 

•xtends^ GGGGGGGGGG Primer 1 

....Z22«Z2ZZZ212Z«AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZIZZZ2ZZ222Z2ZZ.... 

original template strand 
original template strand* 

5 ....ZZZZZZZZ22222222TTnTTTTTTrYYYTYYYYYGGGGGGGGGG2222Z222Z22222ZZ..., 

Primer 2 AAAAAAAAAA * extends 

5' 3' 

On dtnaturatlon of the two duplexes formed, the products are: 

3' 5' 
10 .♦..2222222222222222TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 
newly synthesized long product 1 

5' 3* 

....22222222Z2222222AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC2Z2222222Z2Z2Z2Z^. . 

original template strand* 

15 3' 5' 
• . . .22ZZ2222ZZ222222TTTTTTTnTYYYYYYYYYYGGGGGGGGGGzzzZ2ZZZZZZZZZZZ. . . • 
original template strand* 

5* 3' 
AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC22222Z2Z222Z2ZZZ.... 
20 newly synthesized long product 2 

If these four strands are allowed to rehybrldlze with Primers 1 and 2 
1n tht next cycle, the agent for polymerization will catalyze the 
following reactions: 

Primer 2 5' AAAAAAAAAA ^ extends to here 

25 3 , ..,.ZZZZ222Z2ZZ2222222TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 

extends f GGGGGGGGGG 5' Primer 1 
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5 ' • • . .ZXXZZZZZnzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCxzzzzziZZZZZiz . . . .3 ' 
original template strand 

Primer 2 5' AAAAAAAAAA ^ txtends 

3' . .ZZZZZZZZZZZZZZZZZzTTTTTTTTTTYYYYYYYyYGGGGGGGG^Gzzzzzzzzzz ... ,5' 
5 original ttnplatt strand* 

txttnds to htrt{ GGGGGGGGGG 5' Prlmtr 1 

5 1 AAAAAAAAAAXXXXXXXXXICCCCCCCCCCzzzzzzzzzzzzzzzz. .3* 
ntwly synthtslztd long product 2 

If tht strands of tht abovt four dupltxts art separated, the following 
io strands art found: 

5* AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3* 
newly synthesized [S ] 

3' . .ZZZZZZZZZZZZZZZZZZZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
first cycle synthtslztd long product 1 

15 3 1 . .ZZZZZZZZZZZZZZZZZZZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthtslztd long product 1 

5 ' . . . .zzzzzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz . . . .3 • 
original template strand 

5* AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. * .3 * 
20 newly synthtslztd long product 2 

3 ' . .zzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz. . .5 1 
original template strand* 

3' TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
ntwly synthtslztd [S~] 

25 5* AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzz* • .3* 

first cyclt synthtslztd long product 2 

It Is sttn that tach strand which terminates with the 
oligonucleotide sequence of ont primer and the complementary sequence 
of tht othtr Is tht specific nucleic acid sequence [S] that Is desired 
30 to bt produced. 

Tht sttps of this process can be repeated Indefinitely, 
being Halted only by tht amount of Primers 1 and 2, agent for 
polymerization and nucleotides present. The amount of original 
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nucltlc acid remains constant 1n tht tntlrt proctss, btcaust 1t 1$ not 
rtpllcattd. Tht amount of tht long products Incrtasts llntarly 
btcaust they art productd only from tht original nucltlc add. Tht 
amount of tht sptdflc stqutnct Incrtasts txpo.Jtnt1tl ly . Thus, tht 
* sptdflc stqutnct will btcomt tht predominant sptdts. This Is 
Illustrated In tht following tablt, which 1nd1catts tht rtlatlve 
amounts of tht sptdts thtorttlcally prtstnt afttr n cyclts, assuming 
100X $ftit\%nc^ at tach cyclt: 



Numbtr of Doublt Strands 
10 Afttr 0 to n Cyclts 

Long Sptdflc 

Cycle Numbtr Tempi att Products Stqutnct [S] 

0 1 

111 0 

15 2 12 1 

3 13 4 

5 15 26 

10 1 10 1013 

15 1 15 32*752 

20 20 1 20 1,043,555 

n 1 n (2 n -n-l) 



When a slnglt-stranded nucleic add Is utilized as the template, only 
ont long product is formed per cycle. 

The dtslred amount of cyclts of this reaction will depend 
25 on, e.g., tht nature of tht sample. Fewer cycles will be required If 
tht samplt being analyzed 1s pure. If tht sample Is a complex mixture 
of nucleic adds, more cyclts will bt required to amplify the signal 
sufficiently for It to bt dettcted by tht method herein. For human 
genomic OKA preferably 15*30 cyclts art carried out to amplify the 
30 sequence sufficiently that a clearly dettctablt signal Is produced 
(I.e., so that background noise does not interfere with detection). 

In ont embodiment of the Invention herein, the amplified 
sample suspected of containing the sequence variation, whether 
resulting from cancer, an infectious disease, a genetic disease, or 
35 just normal genetic polymorphism, 1s spotted directly on a series of 
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mtmbrants and tach mtmbrant 1s hybrldlztd with a difftrtnt labeled 
stqutnct- $ptdf1c ollgonucltotldt probt. Ont proctdurt for spotting 
tht It on a mtmbrant It dtscrlbtd by Kafotot tt al., Nudtlc Adds 
Etstarch. MM1-1M2 (1979). 

5 Br1tf1y t tht ONA *tf*lt affixed to tht imtrane nay bt 

prttrtattd with a prthybrldlzatlon solution containing sodium dodtcyl 
sulfatt, Flcoll, sen* albumin and various salts prior to tht probt 
btlng addtd. Than, a libtltd ollgonucltotldt probt which 1s sptclflc 
to tach sequence to bt dtttcttd Is addtd to a hybridization solution 

10 similar to tht prthybrldlzatlon solution. Tht hybridization solution 
1s applltd to tht mtmbrant and tht mtmbrant Is subjtcttd to 
hybridization conditions that will dtptnd on tht probt typt and 
Itngth, typt and concentration of Ingredients, etc. Gtntrally, 
hybridization 1$ carrltd out at about 25-75 , C, prtftrably 35 to 65 # C, 

15 for 0.25-50 hours, prtftrably Itss than thrtt hours. Tht grtater tht 
strlngtncy of conditions, tht greater tht rtqulrtd cot^l *ntntar1ty for 
hybridization bttwttn tht probt and sanplt. If tht background level 
1s high, strlngtncy may bt Incrtastd accordingly. Tht strlngtncy can 
also bt Incorporated 1n tht wash. 

20 Af ttr tht hybridization tht sanple Is washed of unhybrldlzed 

probt using any suitable means such as by washing ont or wort times 
with varying concentrations of standard saline phosphate EOTA (SSPE) 
(180 m NeCl, 10 m NaCl. 10 m NaHP0 4 and 1 H EOTA, pH 7.4) solutions 
at 25-75 # C for about 10 minutes to one hour, depending on the 

25 tenperaturt. Tht labtl is thtn dttected by using any appropriate 
detection techniques. 

The sequence-specific oligonucleotide alloyed herein is an 
ollgonucltotldt which Is gtntrally prtpertd and stltcttd as dtscrlbtd 
abovt for preparing and selecting tht primers. Tht stqutnct-sptclflc 
30 ollgonucltotldt aust tnco^ass tht region of tht stqutnct which spans 
tht nucleotide variation btlng dtttcttd and aust bt sptdflc for the 
nucleotide variation bt)ng dtttcttd. For tx ample. If It 1s dtslrtd to 
detect whether a sample contains tht citation for sickle cell anemia. 
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one oligonucleotide will bt prepared which contains tht nucleotide 
sequence i1tt characteristic of tht normal S«glob1n gene, and out 
ollgonucltotldt will bt prepared which contains tht nucltotldt 
sequence chtncttrlstlc of tht sickle cell tlltlt. Each 
5 ollgonucltotldt would bt hybridized to duplicates of tht stmt sanplt 
to dtttntlnt whtthtr tht saoqple contains tht nutation. 

Tht polymorphic artas of HLA class II gents art localized to 
sptclflc rtglons of tht stcond exon and art flanked by constrvtd 
sequences, so that ollgonucltotldt prlatrs conplementary to opposltt 
10 strands of tht constrvtd 5 1 and 3 # tnds of tht stcond txon can bt 
prepared. 

Tht numbtr of ollgonucltotldt* tflploytd for dtttctlon of tht 
polymorphic artas of tht HLA class II gtnts will vary dtptndlng on tht 
typt of gent, which has rtglons of bast pair variation which nay bt 

15 clusttrtd or sprtad apart. If tht rtglons art clustered, as In the 
cast with HLA-DQa, then ont ollgonucltotldt 1s employed for each 
allele. If tht rtglons art sprtad apart, as 1n tht cast with HlA-OQe 
and HLA-DRB, then mart than ont probt, tach encompassing an allelic 
variant, will bt used for tach alltlt. In tht cast of HLA-OQs and 

20 HLA-OR0, thrtt probts art employed for tht thrtt rtglons of tht locus 
whtrt allelic variations may occur. For dtttctlon of stqutncts 
associated with Insulin-dependent dlabttts mtllltus (I DON) four probts 
tht HLA-ORt stcond txon art employed. 

Haplotypts can bt Inftrrtd fro* stgregatlon analysis 1n 
25 fatHHts or, In some casts, by direct analysis of tht Individual ONA 
strait. Sptclflc allelic combinations (haplotypts) of stqut xe- 
sptclflc ollgonucltotldt reactivities can bt Identified 
heterozygous cells by using restriction enzyme digestion of tht 
genomic OKA prior to amplification. 

30 For exai*>1e, 1f In DQt one finds three highly variable 

subreglons A, B, and C within a single amplified region, and If there 
are six different sequences at each region (Al-6, *1*6 9 CI -6), then an 
Individual could be typed In the DQ$ locus by sequence-specific 
oligonucleotide probe analysis as containing Al 9 A2; B2, B3; CI, C4, 
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with tht possible haplotypt combinations of Al t B2, CI; Al 9 B2, C4; 
A2, B2, CI; A2, B2 t C4; Al, 83, CI; Al f B3, C4; Al, 92, CI; ind Al, 
B2, C4. 

If tht gtnomlc DNA Is dlgtsttd with a polymorphic 
5 restriction tnzymt prior to amplification, and if tht tnzymt cuts both 
alltlts bttwttn tht pHmtrs, thtrt Is no rttctlvlty with tht sequence- 
s pacific probts dut to lack of amplification, and tht rtsult Is 
un1 nf ormatlve. If tht tnzymt cuts ntlthtr allele, tht probt rtsults 
with dlgtsttd and undlgtsttd genomic ONA art tht i«h and tht rtsult 
10 Is unlnf ormatlvt. If tht enzyme cuts only ont ill tit, however, thtn 
ont can Inftr both haplotypts by comparing tht probt rtactlvlty 
patttrns on dlgtsttd and undlgtsttd DNA* 

Tht haplotypts can bt deduced by comparing sequence-sped f 1c 
ollgonucltotldt reactivities with uncut gtnomlc DNA and gtnomlc DNA 
13 cut with ont or seven! enzymes known to bt polymorphic and to 
recognize sites bttween the primers. 

The length of the sequence-specific oligonucleotide will 
depend on many factors. Including the particular target molecule being 
detected, the source of ollgonucltotldt, and tht nucleotide 

20 composition. For purposes herein, the probe typically contains 15-25 
nucleotides, although It may contain more or fewer nucleotides. While 
oligonucleotides which art at least 19-mtrs in length nay tnhanct 
specificity and/or sensitivity, probts which are less than 19-mtrs, 
e.g., 16-mtrs, show more sequence-specific discrimination, presuubly 

25 btcaust a single mismatch Is more destabilizing. Btcaust 
amplification Inert ases sptclflclty so that a longer length 1 less 
critical, and hybridization and washing teoperatures can ot lo -ed 
for the same salt concentration, It Is preferred to use probts which 
art less than 19-»ers. 

30 Where tht sample 1s first placed on the membrane and then 

dtttcttd with tht ollgonucltotldt, tht ollgonucltotldt mist bt labeled 
with a suitable label moiety, which may bt dtttcttd by spectroscopic, 
photochemical, biochemical, 1moainochem1ca1 or chemical means. 
Ifmminochemlcal means Include antibodies which art capable of forming a 
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coiplM with tht oligonucleotide undtr tultiblt conditions, and 
biochemical means Include polypeptides or lectins capable of forming i 
eo^lex with tht ollgonueltotldt undtr tht appropriate conditions. 
Examples Includt fluortsctnt dyes, electron-dent > reagents, enz>mes 
' capable of depositing Insolublt rtactlon products or btlng detected 
chronogenlcally, such as alkaline phosphatase, a radioactive label 
such as 3Z P, or blotln. If blotln Is teploytd, a spacer ana may be 
utilized to attach it to tht ollgonueltotldt. 

Alternatively, In ont 'reverse' dot blot format, at least 

1° ont of tht primers and/or at least ont of tht four nucltotlde 
triphosphates Is labeled with a detectable label, so that tht 
resulting amplified sequence 1s labtled. These labeled moieties may 
bt present Initially 1n tht rtactlon mixture or added during a later 
cycle. Than an unlabtltd sequence-specific ollgonueltotldt capablt of 

15 hybridizing with tht anpllfled nucleic add sequence, 1f the 
varlatlon(s) In sequtnet (whether normal or nutant) Is/are present. Is 
spotted on (affixed to) the membrane under prehybrldlzatlon conditions 
as described above. Tht amplified sample 1s then added to the 
pretreated membrane undtr hybridization conditions as described 

20 above'. Finally, dttectlon means art used to determine If an amplified 
sequence In the nucleic add sarnie has hybridized to the 
oligonucleotide affixed to the membrane. Hybridization will occur only 
1f tht membrane-bound sequence containing tht variation Is prtstnt 1n 
tht amplification product, 1.t., only 1f a sequence of the probe 1s 

23 cooplemtntary to a region of tht amplified sequence. 

In another vtrslon of tht "reverse" dot blot format, tht 
aollflcatlon 1s carried out without employing a labtl as with tht 
"forward" dot blot format described above, and a labtled sequence- 
specific oligonucleotide probe capable of hybridizing with the 

30 amplified nucleic acid sequence containing the variation, if present, 
Is spotted on (affixed to) the membrane under prehybrldlzatlon 
conditions as described above. The amplified sample 1s then added to 
the pretreated membrane under hybridization conditions as described 
above. Then the labeled oligonucleotide or a fragment thereof Is 

35 released from the membrane In such a way that a detection means can be 
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ustd to determine If an amplified sequence In the senile hybridized to 
the labeled oligonucleotide. The release may take place, for exanple, 
by adding a restriction enzyme to tht membrane which recognizes a 
restriction site 1n the probe. This procedure, known as oligomer 
5 restriction, 1s described more fully 1n t? Patent Publication 164,054 
published December 11, 1985. 

For purposes of this Invention, the genetic diseases which 
way be detected Include specific deletions. Insertions and/or 
substitutions In any base pair nutation or polymorphism In nucleic 

10 acids, for example, genomic ONA, from any organism. Exa*?1es of 
diseases In which a base pair variation Is known Include sickle cell 
anemia, hemoglobin C disease, ^thalassemia , a-thalassemla, and the 
like. Other diseases that may be detected Include cancerous diseases 
such as those Involving the RAS oncogenes, e.g., the n-RAS oncogene, 

15 and infectious diseases. 

The process herein may also be used for HLA typing in the 
areas of tissue transplantation, disease susceptibility, and paternity 
determination. The HLA class II genes, consisting of the a and fl 
genes from the HLA-OR, HLA-OQ and HLA-OP regions, are highly 

20 polymorphic; their genetic coflplexlty at the ONA level 1s 
significantly greater than the polymorphism currently defined by 
serological typing. In addition, the process herein may be enployed 
to detect certain ONA sequences coding for HLA class II s proteins 
(e.g., ORB) associated with Insulin-dependent diabetes meUUus 

25 (IOOM). Briefly, the four ONA sequences associated with IDD4 are 
selected from the group consisting of: 

1 ) 5 ' -GAGCTGCGTAAGTCTGAG- 3 1 , 

2) 5' -GAGGAGTTCCTGCGCTTC-3' , 

3) 5'-CCTGTCGCCGAGTCCTGG-3\ and 
30 4)5' -G AC ATC C TGGAAG ACG AG AG A- 3 1 , 

or the ONA strands that are complementary thereto. Sequence-specific 
probes may be prepared that will hybridize to one or more of these 
sequences. 



1284931 

27 

Tht Invention herein also cont«*1ttts a kit format which 
comprises a packaged imjltl container unit having containers for each 
primer and probe utilized, a container with the agent for 
polymerization to synthesize the primer extension products, such as 
enzymes, a container for each of the four nucleotides, and a container 
with means to detect the label (such as an avldln-enzyme conjugate and 
enzyme substrate and chromogen If the label 1s blotln). In addition, 
the kit may have a container which Includes a positive control for the 
probe containing one or more nucleic acids with the nucleotide 
variation to be detected and a negative control for the probe which 
does not contain the nucleic acids with the nucleotide variation to be 
detected. Moreover, the kit may also have a container with means for 
separating the strands of any double-stranded nucleic acids contained 
In the sample such as a hellcase or sodium hydroxide. 

The following exanples Illustrate various embodiments of the 
Invention and are not Intended to be limiting In any respect* In the 
exanples all parts and percentages are by weight 1f solid and by 
volume If liquid, and all temperatures are In degrees Celsius, unless 
otherwise Indicated. 

EXAMPLE I 

This exanple Illustrates how the process herein can be used 
to d1st1n*i1sh normal alleles (A) from sickle cell alleles (S) from 
Hemoglobin C disease alleles (C). 
I. Synthesis of the Primers 

The following two oligonucleotide primers were prepared by 
the method described below: 

5 1 -ACACAACTGTGTTCACTAGC- 3 ' (PCO 3 ) 
5 • -CAACTTCATCCACGTTCAC C- 3 1 ( PC04 ) 

These primers, both 20-mers, anneal to opposite strands of the genomic 
ONA with their S 9 ends separated by a distance of 110 base pairs. 

A. Automated Synthesis Procedures: The 

dlethylphosphoramldltes, synthesized according to Beaucage and 
Caruthers (Tetrahedron Letters (1981) 22:1859-1862) were sequentially 
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condensed to a nucleoside derlvatlzed control ltd port glass support. 
The procedure Includtd detrUytatlon with trichloroacetic acid 1n 
dlchloromethane, condensation using be.izotrlazole is activating proton 
donor, and capping with acttlc anhydride and dimethyl «i1nopyr1d1ne In 
5 tttrahydrofuran and pyridine. Cyclt time was approximately 30 
minutes. Yields at tach sttp were assantlally quantitative and were 
determined by collection and spectroscopic examination of the 
dliaethovtrltyl alcohol released during detrltylatlon, 

B. 01 igodeo^y ribonucleotide Deprotectlon and Purification 

10 Procedures: The solid support was removed from the coltmn and exposed 
to 1 ml concentrated ammonium hydroxide at room temperature for four 
hours In a closed tube. The support was then removed by filtration 
and the solution containing the partially protected 
ollgodeovnucleotlde was brought to 55*C for five hours, Amnonla was 

15 removed and the residue was applied to a preparative poly acryl amide 
gel. Electrophoresis was carried out at 30 voTts/cm for 90 minutes 
after which the band containing the product was Identified by UV 
shadowing of a fluorescent plate. The band was excised and eluted 
with 1 ml distilled water overnight at 4*C. This solution was applied 

20 to a column and eluted with a 7*13% gradient of acetonltrlle in It 
anmonlum acetate buffer at pH 6.0. The elutlon was monitored by UV 
absorbance at 260 nm and the appropriate fraction collected, 
quantltated by UV absorbance In a fixed volume and evaporated to 
dryness at room temperature 1n a vacuum centrifuge. 

25 C. Characterization of 01 Igodeoxyrlbonucleotldes: Test 

aliquot s of the purified oligonucleotides were 32 P labeled with 
polynucleotide kinase and y- 32 P-ATP. The labeled confounds were 
examined by autoradiography of 14-201 polyacryl amide gels after 
electrophoresis for 45 minutes at 50 volts/cm. This procedure 

30 verifies the molecular weight. Base composition was determined by 
digestion of the ollgodeojtf ribonucleotide to nucleosides by use of 
venom d1 esterase and bacterial alkaline phosphatase and subsequent 
separation and quantitation of the derived nucleosides using a reverse 
phase HPLC column and a 10X acetonltrlle. IS anmonlum acetate mobile 

35 phase. 
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II. Isolation of. Human Genomic ONA from Call Una 

High molecular wight genomic DNA was Isolatad from tha 
lymphoid call lint M2064 using tssantlally tha method of Manlatls tt 
•1., Molecular Cloning (1982), 280-281. 06064 (Human Mutant Call 
Raposltory, Ctadtn, N.J.) was originally Isolatad from an Individual 
homoiygous for hereditary parslstanea of fatal hemoglobin (HPfH) and 
contains no 6- or 4-globln gent saquancas. This call Una was 
malntalntd In RFKM64Q with 10X fatal calf strum. 



10 



III. Isolation of Human Genomic ONA from Clinical Samples 

Flvt clinical blood samplts daslgnattd AA (from a known 
normal Individual), AS (from a known tickle call carrier), SS (from a 
known slcklt ctll Individual). SC (from a known sickle cal 1 /hemoglobin 
C diseased Individual), and AC (from a known hemoglobin C disease 

13 carrier) were obtained from Or. Bertram Lubln of Children's tospltal 
in Oakland, California. One clinical DNA sample designated CC (from a 
known hemoglobin C diseased individual) was obtained from Dr. Stephen 
Embury of San Francisco General Hospital 1n San Francisco. California. 

Genomic DNA from the first five of these samples was 

20 prepared from the buffy coat fraction, which Is composed primarily of 
peripheral blood lymphocytes, as described by Salkl et al., 
Biotechnology. 3:1008-1012 (19851. 

IV. Amplification Reaction 

One microgram of DNA from each of the seven ONA samples (10 
25 U l of 100 t*/ml DNA) was amplified 1n an Initial 100 H l reaction 
volume containing 10 ul of a solution containing 100 m Trls'HCl 
buffer (pH 7.5). 500 aM NaCl, and 100 aft MgClj. 10 ul of 10 * of 
primer PC03, 10 ul of 10 * of primer PC04. 15 ul of 40 m dNTP 
(contains 10 M each of dATP, dCTP, dSTP and TTP). and 45 w l of water. 
30 Each reaction mixture was held In a htat block set at 95*C 

for 10 minutes to denature the DNA. Then each DNA sample underwent 25 
cycles of amplification where each cycle was composed of four steps: 



1284931 

30 

(1) spin briefly (10*20 seconds) 1n microcentrifuge to 
pellet condensation and tr*n%t*r the denatured material Immediately to 
a heat block itt it 30*0 for two minutes to alio* primers and genomic 
DMA to anntal, 

5 (2) add 2 ul of a solution prtpartd by mixing 39 ul of tht 

Klenow fragment of E. coll OKA Pol/aerase I (few England B1o1abs» 5 
units/ ul), 39 ul of a salt mixture of 100 * TpIi buffer (pH 7.5), 500 
m NaCI and 100 m «gCl 2 , and 312 ul of water, 

(3) allowing tht reaction to proceed for two minutes at 

10 30*C, and 

(4) transferring the sables to the 95 # C heat block for two 
minutes to denature the newly synthesized DMA, except this reaction 
was not carried out at the last cycle. 

The final reaction volume was 150 ul, and the reaction 
15 mixture was stored at -20*C. 



V. Synthesis and Phosphorylation of 01 Igodeoxy ribonucleotide Probes 

Three labeled DNA probes, designated RS17, RS18 and RS21 t of 
the following sequences were prepared as follows: 

5 ' •*CTCCTAAGGAGAAGTCTGC- 3 ' (RSI 7 ) 
20 S'-'CTCCTGAGGAGAAGTCTGCO' (RS18) 

5 ' **CTCCTGTGGAGAAGTCTGC- 3 ' (RS2i) 

where * Indicates the label. These probes are 19 bases long and span 
the fifth through eleventh codons of the gene. RS18 Is complementary 
to the normal 0-globln (0*), RS21 to the sickle cell anemia 

25 allele (5 s ), and RS17 to the hemoglobin C disease allele (0°). RS17 
and RS21 differ from RS18 by a single base. The schematic diagram of 
primers and probes Is given below: 



HQ bp . 

0-glob1n * 



30 -pcur nrerr — ranr 

RS18 
RS21 
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These three probes were synthesized according to tht 
procedures described In Stctlon I. Tht probes were labeled by 
contacting 10 pmole thtrtof with 4 units of T4 polynucleotide kinase 
(New England Blolabs) and about 40 pmole y' 32 p-aTP (few England 
3 Nuclear, about 7000 C1/imole) In a 40 ul reaction volume containing 70 
m Tr1$ buffer (pH 7.6), 10 « MgC1 2 » 1.5 mM spenalne, 100 i* 
dlthlothreltol and water for 60 minutes at 37'C. The total volume was 
then adjusted to 100 ul with 25 a* EOTA and purified according to the 
procedure of Hani at 1s et al., Molecular Cloning (1982), 466-467 over a 

10 1 ml Bio Gel P-4 (BloRad) spin dialysis colunn equilibrated with Trls- 
EDTA (TE) buffer (10 m Tr1s buffer, 0,1 mM EOTA, pH 8.0). TCA 
precipitation of the reaction product Indicated that for RS17 the 
specific activity was 5.2 yCl/pmole and the final concentration was 
0.118 pmole/ul. For RS18 the specific activity was 4.6 uC1/pao1e and 

15 the final concentration was 0.114 pmole/ul. For RS21 the specific 
activity was 3.8 uCl/pmole and the final concentration was 0.112 
pmol e/ ul . 

VI. Dot Blot Hybridizations 

Five microliters of each of the 150 ul amplified samples 
20 from Section III was diluted with 195 ul^O.4 N NaOH, 25 r* EOTA and 
spotted onto three replicate catlonlc nylon filters by first wetting 
the filter with water, placing It In an apparatus for preparing dot 
blots which holds the filter In place, applying the samples, and 
rinsing each well with 0.4 ml of 20 x SSPE (3.6 M NaCI, 200 mM 
25 HaH 2 P0 4 , 20 mX EOTA), as disclosed by Reed and Hann, Nucleic Acids 
Research. 13. 7202*7221 (1985). The filters were then removed, rinsed 
1n 20 x SSPE, and baked for 30 minutes at 80*C In a vacuum oven. 

After baking, each filter was then contacted with 6 ml of a 
hybridization solution consisting of 5 x SSPE, 5 x De*hardt's solution 
30 (1 x • 0.02a polyvinylpyrrolidone, 0.02% Flcoll, 0.O2X bovine serum 
albumin, 0.2 M TH$*HC1, 0.2 mM EDTA, pH 8.0) and 0*51 SOS and 
Incubated for 60 minutes at 55*0. Then 5 ul each of probes RS17, RS18 
and RS21 was added to the hybridization solution and the filter was 
incubated for 60 minutes at 55*C. 
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Finally, each hybridized fltttr wis washed twice Kith 100 ml 
2 i SSPE and 0.11 SOS for 10 minutes at room tenperature. As a third 
wash for RS17, 250 ml of 5 i SSPE ind 0,1% SOS was addtd and tht 
fllttr htattd for f1vt mlnutts at 55*C. For nS18 and 21, tht fllttrs 
3 were trtattd with 250 ml of 4 x SSPE, 0.11 SOS for five mlnutts it 
55*C. There wis a faint background with RS18 and RS21 because 4 i 
SSPE it 55 # C was not sufficiently stringent. Tht washing with tht 
RS18 and RS21 probes was rtptattd 1n 250 ml of 5 x SSPE, 0.11 SOS for 
thrtt mlnutts at 55*C. Thtrt was no changt 1n tht background. Tht 
10 wash was rtptattd with 5 x SSPE at 60*C for ont ml nut t and in 
additional wash of tht stmt strlngtncy was dont for thrtt mlnutts. 
This rtsulttd In virtually no background, Tht gtnotypts wtrt rtadlly 
appartnt ifttr 90 mlnutts of autoridlognphy, 

VII. Discussion of Autoradlogram 

15 Tht autoradlogrim of tht dot blot of the stvtn anpllfled 

genomic DMA samplts hybridized with allele-speclflc l-globln probts 
RS18 ft RS21 ind RS17 wis analyzed afttr 12 hours. Tht negative control 
GH2064 wis included. Tht results clearly Indicate that each allele- 
specific probe anntaltd only to tht OKA sables which had at least one 

20 copy of tht *-glob1n allele to which It wis perfectly matched. For 
exaiiple, the 0*-spec1f1c probe, RS18, hybridized only to samples AA 
(aV). AS (**$*). and AC i^f). 

EXAMPLE II 

To determine the mlnlmim levels of detection by dot blot, 
25 eight serial dilutions containing 128, 64, 32, 16, 8, 4, 2 and 1 ng of 
normal genomic OHA were made from senile AA and subjected to 25 cycles 
of amplification as described In Example I. 

As controls, the anpllfled sanples of AA and SS from Exanple 
I were similarly diluted as well. 

30 A total of 75 y1 (one-half) of each sample was mixed with 

125 vl of 0.65 N NaOH and 25 n* EOTA and the mixture was applied to a 
nylon filter. Then the filter was rinsed In 20 x SSPE and baked for 
30 minutes at 80*C. 
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Tht fllttr mis then probed as described In Exanple I with 

RS18 (the probt) to determine tht detection threshold. Tht 

prehybrldlzatlon solution was 8 ml of S x SSPE, S x Denhardt's 

solution, 0.5% SDS for 40 minutes at 55 # C and tht hybridization 

5 solution was tht samt plus 10 wl of RS18 for 80 minutes at 55*C. Tht 

fllttrs were thtn washed with 2 x SSPE, 0,11 SDS for 10 minutes at 

room ttflperaturt twlct and thtn with 5 x SSPE, O.lt SOS for thrtt 
minutes at 60 # C. 

Tht autoradlogram obtalntd afttr hybridization with RSI d 
10 afttr 17 hours of txposurt rtvtaltd posit ivt signals 1n all samples 
containing tht AA DMA* Tht SS samp It was visible afttr 17 hours but 
tht Intensity of tht 64 ng SS was equivalent to tht Intensity of 1 ng 
AA, which 1s a s1gnal-to-no1se ratio of 64:1. Tht Intensity of the 
signal present In tht 0.5 ng spot suggested that salification of 
15 sanples containing significantly Itss than 1 ng 1s possible. (One 
nanogram 1s tht amount of genomic DNA prtsent 1n ISO diploid cells.) 

EXAMPLE 111 

A. Amplification and Detection of HLA-OQa Sequences 

I. Prtparatlon of PMmtrs 

20 Oligonucleotides designated GH26 and GH27 coup 1 omenta ry to 

opposite strands of tht constrvtd 5* and 3* ends of tht OQa second 
exon wtrt used as primers to anpllfy a 240 base pair fragment. The 
primers, having tht following sequences, were prepared as dtscrlbtd in 
Exanple I. 

25 5' -GTGCTGCAGGTGTAAACTTGTACCAG-3* (GH26) 

5 1 -C ACGGATCCGGT AGC AGCGGT AGAGTT G- 3 * (GH27 ) 

II. Prtparatlon of Probes 

Based on tht analysis of HLA-OQa sequences from diverse 
sources, which wtrt grouped Into allelic variants, tht following 
30 probes from variable regions of the DQa second exon encompassing each* 
variant were synthesized and labeled as described In Example I. The 
two variable regions of the HLA-OQa second exon (called "exon I"), 
segments A and B, are shown In Table I. The entire scheme of primers 
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(daslgnatad by PC* ) )» probat and HLA-OQo saquanct It shown in 
Tiblt II, and tha anlno acid abbravlatlons used tharaln ara shown In 
Tib It III. 

TABLE I 

HLA OQa (*tflnwnt A): 

35 40 
Gly Aspfil u61 uPhaTy rVa 1 AspLauSI uAroLy »S1 u 

66A6AT6A6GA6TTCTAC6TG6ACCTG6A6A66AA6GA6 DRl,2,w6 

C A DR5.8 

c T DIM, 7, 9 

C 6 DM 



HLA OQa (sagaant 8): 

45 50 55 60 

Al aTrpArgTrpProGluPhtSarlysPheGlyGlyPhaAspProGI nGly 

6CCTG6C6GTGGCCTGAGTTCAGCAAATTTGGAGGTTTTGACCC6CA666T 0R1 ,2,5,w6,8 

-T A— T— CT C — G A— A-A MTT- 0R4.9 

-T AA-T— CT— CA-G-C-A -A ATT- OR7 

-T T-T-T TTC AC A -A ATT- DP. 3 
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TABLE III 



Amino Acid Abbrtvlitlon Codti 





Alanlnt 


Ala 


A 




Arglnlnt 


Ar 9 


ft 


5 


Asparaglnt 


Asn 


N 




Aspartlc Acid 


Asp 


0 




Cyst tint 


Cys 


C 




61utn*1 nt 


61 n 


Q 




61utwi1e Ae1d 


61 u 


E 


10 


61yc1nt 


61y 


6 




H1st1d1nt 


His 


M 




Isoltuclnt 


lit 


I 




Loud nt 


Ltu 


L 




lyslnt 


Lys 


K 


15 


Ntthlonlnt 


Mtt 


M 




Phtnyl alanlnt 


Pht 


F 




Prollnt 


Pro 


P 




StM nt 


Str 


S 




Thrtonlnt 


Thr 


T 


20 


Tryptophan 


Trp 


U 




Tyrol Int 


Tyr 


Y 




Vallnt 


Vil 


V 



Tht probts art as follows, whtrt * 1s tht labtl. 

S'-nGTTTGCCTGTTCTCAGACO' (GH66) 

25 5 ' - # T TCC6C A6ATTT A6AA6 AT- 3 * (GH67 ) 

5 1 - •TTCCACAGACTT AGATTT G- 3 1 GH68) 

5 ' -*CTCAGGCCACCGCCAGGCA-3' (GH75) 

Tht GH75 probt was dtHvtd from tht 0Rw6 sequence, which 1s 
dtscHbtd tsy Auffray tt al., Htturt . 308:327 (1984). Tht GH67 probe 

30 was dtHvtd fro* tht DR4 stqutnct, which Is dtscHbtd by Auffray et 
al., PNAS, 29:6337 (1982). Tht 6H68 probt was dtHvtd from the DR7 
sequtnct which Is dtscHbtd by Chang tt ah. Nature. 305:813 (1983). 
Tht 6H66 probt was dtrlvtd fro« tht DR3 stqutnct, which 1s dtscHbtd 
by Schtnnlng tt al., EHBO J.. J;447 (1984). A control oligonucleotide 

35 was dtHvtd fro* a constrvtd stgmnt of all of these alleles. 



III. Origin and Preparation of Gtnonlc ONA 

Eleven DMA sanplts dtscHbtd btlow wtrt prepared for 
substqutnt amplification as dtscHbtd 1n Exanplt I. 
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LG2 ctll lint (genotype DR1) from Drs. Job* Bell and 

Dan Denny of Stanford University, Stanford, California 

PGF ctll lint (genotype DR2) from Drs. John Btll and 
Dan Dtnny 

AVL ctll lint (genotype DR3) from Drs. John Btll and 
Dan Dtnny 

DKB ctll lint (gtnotypt QR4) from Drs. John Btll and 
Dan Dtnny 

JGL ctll Hnt (gtnotypt DRS) from Dr. Gerry Ntpom of 
Virginia Mason Hospital, Seattle, Washington 

APO ctll lint (gtnotypt DRS) from Drs, John Btll and 
Dan Dtnny 

LBF ctll lint (gtnotypt DR7) from Drs. John Btll and 
Dan Dtnny 

TAB ctll Hnt (gtnotypt DR8) from Dr. Gtrry Ntpom 

KOI ctll Hnt (gtnotypt DR9) from Dr. Gtrry fepom 

Sanple 942741A (gtnotypt DR1.3) available from the 
Hunan Gtnttlc Hutant Ctll Repository, C«aden, N.J. 

Sanplt «2676 (gtnotypt DR4 , 3 ) available from tht 
Hunan Gtnttlc Mutant Ctll Repository 

IV. Amplification Reaction 

Each genomic ONA sanplt was amplified as described 1n 
Example I using GH26 and GH27 as prlmtrs for 28 cycles, except that 
the polymerization step 3 was carried out at 37'C 1n tht prtstnce of 
101 by weight dimethyl sul f oxide (CMSO), and txcept that the 
amplification reaction took place 1n the aluminum heating block of the 
above-described automated liquid handling teflperature-cycllng 
instrument using tht following program: 

1) 2.5 m1n., 37*C to 98 # C ramp (denature); 

2) 3.0 m1n., 98 # C to 37*C ramp (anneal); 

3) add 1 unit Klenow fragment; and 

4) 2.0 mln., 37*C maintain (extend). 
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V. Dot Blot Hybridization 

For tich DNA sanple, four duplicate nylon filters were 
spotttd with 5 »1 of the 150 gl amplified genomic DNA and ont of 
probes GH66 9 67, 68 or 75 was applied thereto as described 1n Exanple 
5 I except that DNA samples were neutralized before application to a 
nylon filter membrane, using a prehybrldlzatlon solution of 6 x SSPE, 
10 x Denhardt's solution and 0.5% SOS for one hour at 50*C and the 
same solution overnight at 50*C. The filters were washed with 0*1 x 
SSPE, Oat SOS for 10*15 minutes at 37*C # The filters were treated as 
10 described In Exanple I to obtain an autoradlogram. 

VI. Discussion of Autoradlogram 

The autoradlogram of the dot blot shows that the four HLA- 
OQa allele-speclflc probes, GH66, GH67, GH68, and GH75 complementary 
to four HLA-OQa allelic variants, may be used to define nucleotide 
15 sequence polymorphisms on amplified DNA from both homozygous and 
heterozygous Individuals. The pattern of reactivity of the probe GH75 
corresponds to the serologically defined type DQwl. 

8. Amplification and Detection of HLA-DQfl Sequences 

I. Preparation of Primers 

20 Oligonucleotides designated GH28 and GH29 complementary to 

opposite strands of the conserved 5' and 3' ends of the OQ-fl second 
exon were used as primers. The primers, having the following 
sequences, were prepared as described In Example I. 

5 1 -CTCGGATCCGCATGTGCTACTTCACCAACG- 3 1 (GH28) 
25 5 * -GAGCTGCAGGTAGTTGTGTCTGCACAC- 3 1 (GH29 ) 

II. Preparation of Probes 

Based on the analysis of HLA-OQa sequences from diverse 
sources, which were grouped into allelic variants, the following 
probes from two variable regions of the DQfl second exon encompassing 
30 each variant were synthesized and labeled as described 1n Example I. 
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Tht two rtglons, segments A (SH69-71) and B (6H60-62), as well n a 
third variable region, art shown In Tablt IV. Tht tntlrt schema of 
primers, probes and HIA-OQe sequence Is shown 1n Tabtt V, where tht 
amino add abbreviations are shown 1n Tablt III abovt. 

TABLE IV 



HLA-OQ8 (segment A): 



0X3: 



20 25 30 
61yTh rGI uArgVa 1 Arg61yVa lTh rAr gHI sll tTy r 
666ACG6AGC6CGTK66GGT6TGACCA6ACACATCTAT 
-TCT T 




•TCT — A- 



-T- 
-T- 



-TCT- 



DR1 
DR2.4 

DR6 
ORB 
OR4' ' 
OR3.7 



HIA-OQB (segment B): 



4S 50 SS 60 
Va 161 y Va 1 Ty rAr gAl aVa 1 Th rProGI nSlyAr gProVa 1 A1 161 uTy rTrpAs n 
GTGGG6GTGTACCGGGCAGTGACGCC6CAGGGGCGGCCT6TTGCCGAGTACTGGAAC 
C— G A 



DXB: 




— T A — T— A — 6- 



-CGA— T 



AGCA-C-AG— C 



0R1 

0R2 

DR6 

D34 

DR4' 

ORd 

DR3.7 



HlA-DQft (segment C): 



65 70 75 

61 uVa 1 LeuGI uGlyAl aAr gAl eSerVa 1 AspAr gVa 1 
6AA6TCCT66AG6GG6CCCGG6C6TC66T66ACA6&6T6 

A GA-T C 

A-A 6A-T C 

— CA A— A C C — 

-CA 

-CT-T- 



-A— AAA 6- 

-CA— AG CG- 



DR1 

DR2 

OR4.6 

0R8 

OR3.7 
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The probes are as follows, where * It tho label and ** 
Indicates tht best probes* 

s'.-cfiacAfiecAflcccaacAft-j' 

S S'-*CMCMGCCfiCCttTGC66-3' 
5 ' -WiTtTCT«TCACACCCC6- 3 ' 
5 ' -*£ATGC TTCT GC TCACAAGACS- 3 ' 
S'-*CAT6TATCT66TCACAA6AC6-3' 

II. Amplification and Dot Blot Hybridization 

10 tfclng tho aothod gmtrall/ doscHbod In Exaaplt IIIA, tht 

probos Mtro found to novo roasonablt spoclflelty for tho portions of 
tM allolo bolng dotoctod In gonoalc DMA saaplts. 



(6H60 


•* 


6H51 


•t 


6HS2 




S"M 


** 


6H70 




6H71 





C. Amplification and Detection of HLA-OR0 Sequences 

I. Preparation of Prist rt 

15 Oligonucleotides designated QM6 and 060 co^leetntary to 

opposite strands of tho conserved 5* and 3 a ends of tht DRt second 
; axon were esed as pHnrs* Tho prlaers, having tho following 
sequences, wrt prepared as described 1n Exa^le I. 



20 



S ' <lttt lAACCCCSTAfiTl G fSTCTGCA- 3 9 



(6H46) 
(GKSO) 



II. Preparation of Probes 



la sod on tho analysis of HLA-ORs soquoncos fron diverse 
sources, which tare grouped Into allelic variants, the following 
probes froa two variable regions of the Mi second axon enco^asslng 
25 «Mh variant were synthesized end labeled as described 1n Ex topi t I. 
The two regions, seyents A (6K56~S9) and I (6H51), are shown In Table 
¥1. 



c 
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The probes art at follows, whore • Is tht label. 

S'-^TGATCAGGTTCCACACTCGO' (GHS1) 

3 •*CAGACGTAGAGTACTCC- 3 ' (GH56) 

S'-'CAGACTTACGCAttTCCO' (5*7 

S 5'-*CA6A£nAASCAGCTCC-3' (GHS8) 

S'-'CATGnTAACCTGCTCC-S' (GH59) 

III. Amplification and Dot Blot Hybridization 

Using tht method generally dtscrlbtd In Example II1A, the 
probes were found to have reasonable specificity for the portions of 
10 the allele being detected In genomic ONA samples. 

IV. Analysis of HLA-ORB Sequences Associated With I DOM 

Several HLA class II beta genes were Isolated from clinical 
blood sables of diverse HLA-typed I DOM Individuals (from University 
of Pittsburgh clinic and from cell lines from IDDM patients available 

15 from the Human Genetic Mutant Ceil Repository, Camden, NJ) and non- 
diabetic controls (homozygous typing cells) using cloning methods. 
In one such method, which Is a standard method, human genomic DNA mis 
Isolated from the patient samples using essentially the method of 
Manlatls et al.. Molecular Cloning (1982), 280-281 or prepared from 

20 the buffy coat fraction, which 1s composed primarily of peripheral 
blood lymphocytes, as described by Salkl et al., Biotechnology . 
2:1008-1012 (1985). This DNA was then cloned as full genomic 
libraries into bacterlphage vectors, as described In Manlatls, supra , 
pp. 269-294. Individual clones for the HIA-ORa genes were selected by 

25 hybridization to radioactive cOMA probes (Manlatls, pp. 309-328) and 
characterized by restriction mapping. See U.S. Patent No. 4,582,788 
Issued April IS, 1986. Individual clones from IDOH patients were 
assigned to DR-typed haplotypes by comparing the clone restriction map 
with the RFLP segregation pattern within the patient's family. 

30 Finally, small fragments of these clones representing the variable 
second exon were subeloned (Manlatls, pp. 390-402) into the MlJnplO 
cloning vector, which Is publicly available from 8oehr1nger-Mannheim. 

In an alternative procedure for cloning the genes, 
amplification of the relevant unit ion (the second ejion) ■of..tfe» gene 
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was carried out from a total of 1 "alcrograa of oaeh Isolated huaan 
gtnoalc DM at dtscrlbad 1n Exaaplt ! using prlatrs fiHM. and CH50 t 
which have non-hoaologeus stqutnets to act as Hnker/pHaers. 

Tht reaction alxturts wtre subjoctod to J8 cycles of 
5 salification and then tht alxturts wtre stortd at «20*C. Than tht 
following cloning proctdurt was ustd for tht aqpllfltd products. 

Tht reaction alxture was sub-clontd Into H13*pl0 by first 
dlgtstlng In SO »1 of a bufftr containing SO « KaC1 9 10 * Trls'HCT, 
pH 7.8, 16 art NgC1 2 » 20 units jfctl and 2S units Hlndlll at 37 # C for 90 
10 al notes. Tht reaction was stopptd by fretzlng. Tht voIim was 
adjusted to 110 »1 with a bufftr containing Tr1s*HC1 and EOTA and 
loaded onto a 1 al BloGtl P-4 spin dialysis col nan. One fraction was 
collected and tthanol precipitated. 

Tht tthanol pellet was resusptndtd 1n 15 pi water and 
15 adjusted to 20 til voltm containing 50 * Tr1s*HC1, pH 7.8, 10 #1 
HgC1 2 , 0.5 m ATP, 10 m dlthlothreltol. 0.5 ug M13*pl0 vector 
d1gtsttd,*1th Fjtl and Hindi 1 1 and 400 units llgase. This alxture wis 
Incubated for thret hours at 16 # C. 

Ttn alcrol Iters of ligation reaction Mixture containing Holt 
20 4 OKA was transformed Into E. coll strain JK103 content cells, which 
are publicly available fro* ML In Bathtsda, NO. Tht proctdurt 
followed for preparing tht transfonatd strain Is dtscrlbtd In tossing, 
J # (1981) Third Cltvtltnd Sm>os1i» on Htcroao1tcu1ts:*tcc*>1ntnt QUA. 
ed. A* tfalton. El stria r, Aasttrdaa, 143-153. 

25 Eight ttn of tht alltlts fro* thtst tM cloning proctdures 

wtre sequenctd. In soat of tht stqutnets determined four areas of 
sptclflc DHA and protein stqutnet wtre found to occur 1n various 
co*>1 nations and to bt Associated with IDM. Tht ONA stqutnets sten 
In tht gtnovs of IOON pttltnts productd an alteration In ont to thret 

30 m\no acid res 1 dots of tht 0R» prottln. Those four vartablt regions 
of tht OR* stcond txon are found In stqutnets obtalntd from mny 
dlabttlc sou rets and are 1dtnt1f1td abovt. Thtst regions can bt ustd 
for synthtslxlng prlatre and* probts ustd for dtttctlng such 
stqutnets. Thtst H3CH related aaquanoet ax* tteat tfeot tnood* tht 

35 following maim add xatidua m mp tnam at tfrt indicated petition* of 
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the a$ Mocnd acorn 

Amino Add Sequence Position 
LR-S io-p 
-FL- 36-39 
V— 8 57-6O 
I— OB 67-71 
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V. Primers and Amplification 

PMmtrs 6H46 and GH50 dtscrlbtd In Ex amp It CI may bt 
employed to amplify DMA samples to bt ttsttd for IDW. The 
anpHflcatlon proctdurt of Example I or 1 1 1 A nay bt alloyed, using 
3 alto 10 w1 WSO. 

VI. Expected Synthtsls of Probes 

Two of four labeled DHA probes, designated GH54 (V--S) and 
6H7S (I--0E), from Regions C and D. respectively, may bt employed. 
These probts may bt synthesized as described for the primers and 
10 labtled as described above, 

VII. Expected Dot Blot Hybridizations 

Using the dot blot method generally described in Exanple I, 
under stringent conditions, the probes are expected to have reasonable 
specificity for the portions of the allele being detected In genomic 
13 DHA samples. 

0. *i?11f1cat1on and Detection of HLA-OPa and OP 6 Sequences 

The known DPS sequences, showing the type of polymorphism 
already known, art depicted 1n Figure 6 of Trowsdale et al. t 
^mnunol ogl cal Revl ews . No. 85 (1985), p 5-43, at page 16. Further 
20 polymorphisms may bt Identified. Primers for the conserved segments 
and probts to the variable segments of these gents can be. designed 
similarly to what Is described above. 

The nucleotide sequence of DPal alleles obtained from cDNA 
clones showing the type of polymorphism alrtady known are depicted in 
23 Figure 4 of Trowsdale et al., supra, at page 12. 
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Tht detection and amplification of such sequences may bt 
clinically useful 1n bone-marrow transplantations and In tissue 
typing. 

EXAMPLE IV 

5 Frwen Molt 4 calls (a T call lint homozygous for normal ft- 

globln from Hiran Gtnttlc Mutant Ctll Repository, Camdtn, NJ as 
GM2219C), SCI cells (a EBV-t ransformtd B call lint homozygous for tht 
slcklt ctll alltlt from ATCC, Rockvlllt, MO as CRL8756) and 9C064 
calls (control dtscrlbtd abovt having no l-globln or 6-globln 

10 stqutnca) wtrt thawtd and rtsusptndtd In phosphatt bufftrtd sail ne, 
such that 10 ul of calls containing ctll niaabtrs varying from 37 to 
1200 for tach typt of ctll lint was obtained. Each ctll lint was 
mixed with 35 yl wattr and than overlaid with nlntral oil. The 
resulting suspension was htattd at 95 # C for 10 mlnutts. Thtn a total 

15 of 55 wl of tht rtagents used to amplify tht ctll 1 1 nts 1n Exanple I, 
Including primers PC03 and PC04, was added. 

Tht amplification procedure of Exanple 1 can then be used 
followed by the dot blot procedure. This direct use of the cells 
eliminates isolating the genomic ONA from tht cell Hne or clinical 
20 sample. 

EXAMPLE V 

The proctdurt of Exanplt I was ustd to amplify the genomic 
ONA from a known normal Individual, a known sickle cell Individual, 
and an Individual with no a-globln gene sequences (GM2064), except 
25 that the amplification was automated as dtscrlbtd In Exan^lt 1IIA. 

Thrtt labtled DMA probes, designated RS31, RS32, and RS33, 
of the following sequences were prtpartd as follows: 

5'**TCCTGAG6AGAAGTCTG-3* (RS31) 
5 1 -*CCTGA6GAGAA6TC T- 3 ' (RS32) 
30 5 1 - # CTGAGGAGAAGTC- 3 * (RS33) 

where * indicates tht label. Thtst probts art 17, 15, and 13 bases 
long, rtsptctlvtly, and art coa^ltmentary to tht normal 0-glob1n 
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allele (•*). Tht probes were synthesized and labeled is described 1n 
Example I. 

Probes RS32, RS33. and RS18 were ttsttd for specificity for 
non-anpllfled clontd normal and sickle-cell globln sequences using the 
5 procedure described In Ex a** It I, txcept that the hybridization 
temperature was rtductd from 55*C to below 32 # C. At hybridization 
te^eratures below 55 # C the RS18 (19-mer) did not show specificity 
unless the salt concentration was reduced. The two shorter probes 
sh<xed excellent specificity at the higher salt content. 

10 ^ p™*» *$31 t RS32, RS33, and RS18 were tested against 

the anpllfled genomic DMA, Because of the conditions of temperature 
and salt concentration, the 19«i*r showed no specificity at a 
hybridization tei*erature of below 32*C. All of the shorter mr% did 
show specificity. These results clearly demonstrate that the shorter 

IS probes can be selective, and that the conditions of selectivity were 
less extreme than those needed for the 19-^ner. 

The 17-mer globln probe RS31 worked optimally when 
hybridized below 32*C 1n 6 x SSPE (with 10 x Denhardt's and 0.1X SOS) 
and then washed 1n 0.1 x SSPE for 10 minutes at 42°C. 

20 The 15-mer globln probe RS32 worked optimally when 

hybridized belc* 32 # C 1n 6 x SSPE (with 10 x Denhardt's and O.lt SOS) 
and then washed In 0.1 x SSPE for 10 minutes at 32*C. 

The 13-wer globln probe RS3T worked optimally when 
hybridized btlw 32*C In 6 i SSPE (with 10 x Denhardt's and O.lt SOS) 
25 and then washed 1n 0.1 x SSPE for 10 minutes at 25*C. 

EXAMPLE VI 

I. Synthesis of tht Primers 

Two. primers Identified below were synthesized by the method 
described 1n Example I to amplify a portion of the second exon of the 
30 $-glob1n gene: 

5'-ATTTTCCCACCCTTAGGCTG-3' (RS40) 
5 ' -GCTCACTCAGTGTGGCAAA G- 3 1 ( R 54 2 ) 
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This primer pair dt fines a 198 bast pair amplification product that 
Includes tht sltts of thrtt rtlatlvtly common 0-tha1asstm1a wjtatlons- 
tht codon 39 non stnst imitation, tht codon 41-42 framtshlft dtlttlon, 
and tht codon 44 framtshlft dtlttlon. 

5 Btcaust tht 0-globln gene 1n tht rtglon of codons 39 to 42 

Is tiactly homologous to dtlta-globln, tht prlmtrs wtrt dtslgntd to be 
sptclflc for and only a*>l1fy 0-globln. Tht RS40 primer spans the 
first Intron-stcond txon junction where thtrt art six bast pair 
mismatches with 5*g1ob1n. RS42 1s posltlontd ovtr codons 84 to 9i ind 

10 also contains six mismatches with 6-g1ob1n. Thtst mismatches art 
suffldtnt to prtvtnt hybridization of tht primers to tht 4-g1ob1n 
gent. After 20 cycles of amplification, tht ovtrall tfflcltncy of 
these primers was approximately 80% and corrtspondtd to a 130,000-fold 
amplification. As expected, the amplification product contained no 

15 detectable a-globln DNA. 

II. Isolation of Human Genomic DNA From Clinical Sanples 

Five genomic clinical ONA samples of various a-thalassemi a 
genotypes were obtained from Drs. Alan Scott and Ha1g Kazazlan (Johns 
Hopkins University, Baltimore, MO). These samples were JHl (normal/39 
20 non), JH2 (39 non/39 non), JH3 (normal/41 deletion), JH4 (17 non/41 
del), and''H5 (39 non/44 deletion). 

III. Amplification Reaction 

One microgram portions of each DNA sample and of Holt 4 as 
control were diluted Into a 100 ul volume with 50 m NaCl, 10 nfl 
25 TMs-HCl (pH 7.6), 10 n* WgCl 2 , 1 uM primer PC03, 1 uH primer PC04, 
101 WSO (v/v), 1.5 m dATP, 1.5 * dCTP, 1.5 n* dGTP, and 1.5 rrti dTTP 
and subjected to 25 cycles of automated amplification as described in 
Example IIIA, adding 1 unit of Klenow fragment at each cycle. 

IV. 01 Igodeoxy ribonucleotide Probes 

30 Four DNA probes, designed XXI, XX2, XX 3 and XX4 below, were 

provided by Drs. Scott and Kazazlan at Johns Hopkins University: 
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5 ' -*CCTT*ftc CTA6A6GTTCT- 3 ' (XXI) 

S'-'CCTTGGACCCAGAGGTTCTO' XX2) 

5 1 ••GGTTCTTT6AGTCCTTTGG- 3' (XX3) 

5 1 • •GGT T— -GAGTCC TTT GGG GA T- 3 1 (XX4) 

where * Indicates tht label liter attached. Tht XXI and XX2 pair was 
used to dtttct tht codon 39 non-sense station, with XXI complementary 
to tht normal allele and XX2 complementary to tht non stnst mutant. 
The other pair of probes was designed to test for tht 41*42 frameshlft 
deletion, with XX3 annealing to the normal allele and XX4 to the 
deletion nut ant. Each of the probes was phosphorylated as described 
1n Example I* 

V. Dot Blot Hybridizations 

Four replicate dot blots were prepared, each spot containing 
one-eighteenth of the amplification product (56 ng of genomic DNA). 
Each filter was Individually prehybrldlzed In 3 ml 5 i SSPE, 5 x 
Denhardt's solution, 0.51 SOS for 15 minutes at 5$*C. One-half pmole 
of each labeled probe (specific activities ranged from 1.8 to 0.7 
uC1 /pmole) was added and the hybridization was continued for an 
additional 60 minutes at the same temperature. The filters were 
washed twice at room temperature in 2 i sodium saline phosphate EOTA 
(SSPE), 0.11 SOS, for 5-10 minutes per wash, followed by a high- 
stringency wash In 5 x SSPE, 0.11 SOS for 10 minutes at 60*C. 
Autoradlograms were developed after overnight and two-hour exposures 
with a single intensification screen. 

VI. Autoradlogram Results* 

The results were consistent with the listed genotypes of 
each DNA sample. Each probe annealed only to those genomic sequences 
with which It was perfectly matched. 

EXAHPLE VII 

The method herein may also be applied for forensic uses, by 
amplifying a random polymorphic region, e.g., HLA'or mitochondrial 
DNA, to detect, e.g., nucleic acids In any body samples such as, e.g., 
hair samples, semen and blood samples, and other sample* containing 
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DNA. Tht nucltlc acid nay bt txtracttd from tht sanplt by any means, 
and prlmtrs and probes art stltcted bastd on 1dtnt1fy1ng 
charactarlitlct or known charecttrlstlcs of tht nucltlc add btlng 
dtttcted. 

5 EXAMPLE VIII 

I. Synthesis of tht Prlmtrs 

Tht prlmtrs PC03 and PC04 described 1n Example I war* 
employed herein. 

II. Isolation of Ifcjman GtnomU DNA from Cell Line 

10 High moltcular weight gtnomU DMA was Isolated from a T eel 1 

line, Holt 4 t homozygous for normal l-glob1n avallablt from tht Human 
Genetic Mutant Call Dtposltory, Camdtn, NJ as GH2219C using 
esstntlally tht mtthod of Manlatls tt al. t Molecular Cloning (1982), 
280-281. 



15 III. Purification of a Polymerase From Thtrmus aquatlcus 

Thermus aquatlcus strain YTl t available without restriction 

from the American Type Culture Collection, 12301 Perklawn Drive. 

Rockvllle, MO, as ATCC No. 25,104 was grown 1n flasks 1n the following 
medium: 

20 Sodium Citrate 1 mM 

Pot ass 1 in Phosphate, pH 7.9 5 m 

Ammonium Chloride 10 nM 

Magntslum Sulfate 0.2 r* 

Calcium Chloride 0.1 m 

25 Sodium Chloride 1 g/1 

Ytast Extract 1 g/1 

Tryptont 1 g/1 

Glucose 2 g/1 

Ferrous Sulfatt 0.01 m 

30 (Tht pH was adjusted to 8.0 prior to autoclavlng. ) 

A lU-llter ftrmentor was Inoculated from a sttd flask 
cultured overnight In tht abovt nedivA at 70 # C. A total of 600 ml 
from tht sttd* flask was used to Inoculate 10 liters of the same 
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mtdlum. Tht pH was controlled at 8.0 with ionium hydroxide with tht 
dissolved eimn at 40X, with tht temperature it 70»C, and with tht 
stirring ritt it 400 rpa. 

Afttr growth of tht ctlls, thty wrr, purl f ltd using the 
protocol (with slight modification) of Kaltdln tt il., supri. through 
tht first five stigts md using ■ different protocol for the sixth, 
stigt. All sis sttps wtrt conducted it 4»C. Tht ritt of 
fractionation on columns was 0.5 column volumes/hour md tht volumes 
of gradients during elutlon wtrt 10 column volumts. 

Brltfly, tht above culture of tht T. aquatlcus ctlls was 
harvtsttd by ctntrlfugttlon afttr nine hours of cultivation, in lata 
log phast. at a call density of 1.4 g dry wtlght/1. Twenty* grams of 
ctlls was rtsusptndtd in 80 ml of a buffer consisting of 50 m 
Tr1s-HC1 pH 7.5. 0.1 <M EOTA. Ctlls wtrt lystd and the lysate was 
centrlfuged for two hours at 35,000 rpm in a Btckman TI 45 rotor at 
4«C. The supernatant was collected (fraction A) and the protein 
fraction precipitating between 45 and 75t saturation of ammonium 
sulfate was collected, dissolved In a buffer consisting of 0.2 H 
potassium phosphate buffer, pH 6.5, 10 m 2-mercaptoethanol , and 5X 
glycerine, and finally dlalyztd against tht same buffer to yield 
fraction B. 

Fraction B was applied to a 2.2 i 30-cm column of DEAE- 
cellulose, equilibrated with the above described buffer. The column 
was then washed with the same buffer and the fractions containing 
protein (determined by absorbance at 280 nm) wtrt collected. The 
combined prottln fraction was dlalyzed against a second buffer, 
containing 0.01 M potassium phosphate buffer, pH 7.5. 10 i* 2- 
mtrcaptotthanol. and 5X glyctrlnt, to yltld fraction C. 

Fraction C was applltd to a 2.6 x 2i-cm column of 
hydroxyapatlte, equilibrated with a second buffer. The column was 
then washed and the enzyme was tluted with a linear gradient of 0.01- 
0.5 n potassium phosphate buffer, pN 7.5, containing 10 nM 2- ' 
mercaptotthanol and 5X glyctrlnt. Fractions containing DMA polymerase 
activity (90-180 m potassium phosphate) were combined, concentrated 
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four-fold using an Ami con stirred etl? and W10 mtmbrant, and dlalyzed 
against tht stcond bufftr to yltld fraction D. 

Fraction D was applltd to a 1.6 x 28-cm column of 0EA£. 
ctllulost, tqulllbrattd with tht stcond bufftr. Tht column was washtd 
5 and tht polymtrast was tluttd with a llntar gradltnt of 0.01-0.5 M 
potassium phosphatt In tht stcond bufftr. Tht fractions wtrt assayed 
for contaminating tndonucltast(s) and txonucltast(s) by 
tltctrophorttlcally dtttctlng tht changt 1n moltcular wtlght of phagt 
X DNA or suptrcolltd plasma DMA afttr Incubation with an txctss of ONA 

10 potyiatrast (for tndonucltast) and afttr treatmant with a rtstrlctlon 
tnxyme that cltavts tht ONA into sevtral fragments (for 
txonucltast). Only thost ONA polymtrast fractions (6S-95 m potassium 
phosphatt) having minimal nucltast contamination wtrt pooltd. To tht 
pool was addtd autoclavtd gelatin in an amount of 250 yg/ml, and 

15 dialysis was conducttd against tht stcond bufftr to yltld Fraction E. 

Fraction E was applied to a 9 ml phosphoctllulost coljnn and 
tluted with a 100 ml gradient (0.01-0.4 N KC1 gradient 1n 20 m 
potassl^n phosphatt bufftr pN 7.5). Tht fractions wtrt assayed for 
contaminating tndo/txonuclease(s) as described above as well as for 
20 polymerase activity (by the method of Kaltdln et al.) and then 
pooled. The pooltd fractions were dlalyzed against the second buffer, 
then concentrated by dialysis against 50% glycerine and the stcond 
bufftr. 

Tht moltcular wtlght of the polymerase was determined by SOS 
25 PAGE. Marker proteins (Blo-Rad low molecular wtlght standards) were 
phosphorylase B (92,500) , bovine strum albumin (66,200), ovalbumin 
(45,000), carbonic anhydrast (31,000), soybtan trypsin Inhibitor 
(21,500), and lysozyme (14,400). 

Preliminary data suggest that the polymerase has a moltcular 
30 weight of about 86,000-90,000 daltons, not 62,000-63,000 daltons 
reported 1n the literature (e.g., by Kaltdln tt al.). 



IV. Amplification Reaction 

One microgram of the genomic ONA described above was diluted 
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In an Initial 100 »1 aqueous rtactlon volume containing 25 m Trls'HCl 
buffer (pH 8,0), 50 aH KC1, 10 * HgClj, S m dlthlothreltot , 200 
gelatin. 1 *"bf primer PC03, 1 xM of prime PC04, 1.5 m dATP, 
US *4 otTP, 1.5 m d6TP and 1.* a* TTP. flit sa^le was heated for 10 
S Minutes at 98*C to denature the genomic OKA, then cooled to roon 
teaperature. Four microliters of the po1>«erase from Therms 
aquatlcus was added to the reaction Mixture and overlaid with a 100 ul 
■literal oil cap. The sample was then placed in the alumlnua heating 
block of the liquid handling and heating instrwent described in 
10 E? Publication 236,069. 

The OKA sample underwent 20 cycles of amplification in the 
machine, repeating the following program cycle: 

1) heating from 37*C to 98*C In heating block over a period 
15 of 2.5 minutes; and 

2) cooling from 98 # C to 37 # C over a period of three minutes 
to allow the primers and DNA to anneal. 

After the last cycle, the sample was incubated for an 
additional 10 minutes at 55*C to complete the final extension 
20 reaction. 

V. Synthesis and Phosphorylation of 01 Igodeoxy ribonucleotide Probes 

A labeled DNA probe, designated RS24 t of the following 
sequence was prepared: 

5 • -'CCCACAGGGCAGTAACGGC AGAC TTCTCC TCA6GAGTCA6- 3 1 (RS24) 

25 where * indicates the label. This probe 1s 40 bases long, spans the 
fourth through seventeenth codons of the gene, and is complementary to 
the normal 0-glob1n allele (0*). The schematic diagram of primers and 
probes Is given below: 
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This probe wis synthesized according to the procedures 
described In Section I of Example 1. The probe wis libeled by 
contictlng 20 pmole thereof with 4 units of T4 polynucleotide kinase 
end about 40 pmole i* 32 P-ATP (about 7000 C1/mmole) In a 40 ul reaction 
volume containing 70 nrt Tr1s buffer (pH 7.6), 10 m NgCl 2 . 1.5 «H 
spermine and 10 nrt dltMothreltol for 60 minutes at 37*C. The total 
volume was then adjusted to 100 ul with 25 m EDTA and purified 
according to the procedure of Hanlatls et al. t Holecular Cloning 
(1982) » 466-467 over a 1 ml spin dialysis column equilibrated with 
TMs-COTA (TE) buffer (10 art TMs buffer, 0.1 m* EDTA, pH 8.0). TCA 
precipitation of the reaction product Indicated that for RS24 the 
specific activity was 4.3 rfl/pmole and the final concentration was 
0.118 pmole/ ul. 

VI. Dot Blot Hybridizations 

Four microliters of the amplified sample from Section I and 
5.6 ul of appropriate dilutions of 3-glob1n plasmld DNA calculated to 
represent amplification efficiencies of 70, 75, 80, 85, 90, 95 and 
100% were diluted with 200 ul 0.4 H NaOH, 25 nrt EDTA and spotted onto 
a nylon filter by first wetting the filter with water, placing 1t In 
an apparatus for preparing dot blots which holds the filters In place, 
applying the simples, and rinsing each well with 0.1 ml of 20 x SSPE 
(3.6 H NaCl, 200 nfl N*H 2 f > 0 4 , 20 art EDTA), as disclosed by Reed and 
Mann, Nucleic Adds Research . V), 7202-7221 (1985). The filters were 
then removed, rinsed 1n 20 x SSPE, and baked for 30 minutes it 80°C in 
a vacuum oven. 

After baking, each filter was then contacted with 16 ml of i 
hybridization solution consisting of 3 x SSPE, 5 x Denhardt's solution 
(1 x ■ 0.021 polyvinylpyrrolidone, 0.02% Flcoll, 0.02% bovine serum 
albualn,, 0.2 bM TMs, 0.2 M EDTA. pH 8.0), 0.5% SOS, and 30% 
formamlde, and 1ncub*ted for two hours at 42*C. Then 2 pmole of probe 
RS24 was added to the hybridization solution and the filter was 
Incubated for two hours at 42*C. 
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Finally, each hybridized filter was washed twice with 100 ml 
of 2 x SSPE and 0.11 SOS for 10 Minutes at room temperature. Then the 
filters were tretted once with 100 ml of 2 x SSPE, 0.1% SOS at 60°C 
for 10 minutes. 

5 Each filter was then autoradlographed, with the signal 

readily apparent after two hours. 

VII. Discussion of Autoradlogram 

The autoradlogram of the dot blots was analyzed after two 
hours and compared In Intensity to standard serial dilution a-globln 
10 reconstructions prepared with Haelll/XaeNdlgested pBR:8 A , where B A Is 
the -1 Id-type allele, as described In Selkl et el., Science. su£ra.. 
Analysis of the reaction product Indicated that the overall 
amplification efficiency was about 95X, corresponding to a 630,000- 
fold increase 1n the 8-globln target sequence. 

15 EXAMPLE IX 

I. Amplification Reaction 

Two 1 wg samples of genomic ONA extracted from the Molt 4 
cell line as described in Example VIII were each diluted In a 100 ul 
reaction volume containing 50 n* KC1 . 25 nti Trls-HCl buffer pH 8.0, 10 

20 m MgCl 2 . 1 \* of primer PC03, 1 * of primer PC04. 200 yg/ml gelatin, 
lOt d1methylsu1fox1de (by volume), 1.5 mM dATP, 1.5 mM dCTP, 1.5 «M 
dGTP, and 1.5 nM TTP. After this mixture was heated for 10 minutes at 
98°C to denature the genomic DNAT, the samples were cooled to room 
temperature and 4 yl of the polymerase from Tnermys aquatlcus 

25 described In Example VIII was added to each sample. The samples were 
overlaid with mineral oil to prevent condensation and evaporative 
loss. 

One of the samples was placed in the heating block of the 
machine described In Example VIII and subjected to 25 cycles of 
30 amplification, repeating the following program cycle: 
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(1) heating from 37 to 93°C ovtr a ptrlod of 2.5 minutes; 

(2) cooling from 93*C to 37*C ovtr a ptrlod of three 
minutes to allow the primers and DNA to anneal; and 

(3) maintaining at 37*C for two mlnutts. 

5 After the last cycle the sanple was Incubated for an 

additional 10 minutes at 60*C to complete the final extension 
reaction. 

The second sanple was placed 1n the heat-conducting 
container of a machine, which container is attached to Peltier heat 
10 punps which adjust the tenperature upwards or downwards and a 
microprocessor controller to control automatically the anpllflcatlon 
sequence, the tenperature levels, the tenperature ranping and the 
timing of the temperature. 

The second sanple was subjected to 25 cycles of 
15 amplification, repeating the following program cycle: 

(1) heating from 37 to 95°C over a period of three minutes; 

(2) maintaining at 95°C for 0.5 minutes to allow 
denaturatlon to occur; 

(3) cooling from 95 to 37°C over a period of one minute; 

20 and 

(4) maintaining at 37°C for one minute. 
II. Analysis 

Two tests were done for analysis, a dot blot and an agarose 
gel analysis. 

25 For the dot blot analysis, a labeled DNA probe, designated 

RS18, of the following sequence was prepared. 

5 ' -*CTCCTGAGGAGAAGTCTGC-3' (RSI d) 

where * Indicates the label. This probe Is 19 bases long, spans the. 
fourth through seventeenth codons of the gene, and 1s coeplementary to 
30 the normal B-globln allele (**). The schematic diagram of primers and 
probes 1s given below: 
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110 bo 
6-gIob1n 



p C03 "TOT" — 

This probe was synthesized according to the procedures 
5. described In Section 1 of Exa*1e i. The probe »., labeled by 
contacting 10 pmol. thereof with 4 units of T4 polynucleotide kinase 
•nd about 40 pmole t' 32 P-ATP (about 7000 Ci/nwl.) 1„ , 40 ul reaction 
volume containing 70 « Trls-HCl buffer (pH 7.6). 10 m M»C1 2 , 1.5 m 
spermine and 10 m dlthlothreltol for 60 minutes at 37»c. The total 

10 volume was then adjusted to 100 H l with 25 m EDTA a'nd purified 
according to the procedure 0 f Manlatls et al.. Holecular Clanina 
(1982). 466-467 over a 1 .1 , p i„ dl.lysl, C o1*« equilibrated with 
Trls-EDTA (TE) buffer (10 m Trls-HCl buffer, 0.1 « EDTA, pH 8.0). 
TCA precipitation of the reaction product Indicated that for RS18 the 

15 specific activity was 4.6 rfl/pmole and the final concentration was 
0.114 pmole/ul. 

Five mlcrol iters of the anpllfled sample fr0 m Section I and 
of a sample amplified as described above except using the Klenow 
fragment of ^ con ONA Polymerase I Instead of the thermostable 

20 enzyme were diluted with 195 „1 0.4 N NaOH, 25 m EDTA and spotted 
onto two replicate catlonlc nylon filters by first wetting the filters 
with water, placing them In an apparatus for preparing dot blots which 
holds the filters <n place, applying the sables, and rinsing each 
well with 0.4 .1 of 20 x SSPE (3.6 N NaCl, 200 att NaHgPOj, 20 m 

25 EOTA). as disclosed by Reed and Mann, fcclelc Acids Research 13 
7202-7221 (1985). The filters were then removed. Hns.d In 20 x SSPE~.' 
and baked for 30 minutes at 80»C In a vacuum oven. 

After baking, each filter was then contacted with 6 ml of a 
hybridization solution consisting of 5 x SSPE. 5 x Oenhardt's solution 
30 (1 x • 0.02X polyvinylpyrrolidone. 0.02X Flcoll. 0.02X bovine serum 
albumin. 0.2 * Tr1s. 0.2 « EDTA. pH 8.0) and 0.51 SOS, and Incubated 
for 60 minutes at 55«C. Then 5 u1*of probe RS18 was added to the 
hybridization solution and the filter was Incubated for 60 minutes at 
55»C. 
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Finally, tach hybr1d1«d filter was washed twice with 100 ml 
of 2 x SSPE and 0,1% SOS for 10 minutes it room temperature. Thtn the 
filters were treated twice more with 100 ml of 5 x SSPE, O.lt SDS at 
60*C for 1) one minute and 2) three minutes, respectively. 

5 Each filter was then autoradlographed, with the signal 

readily apparent after 90 minutes. 

In the agarose gel analysis, 5 ul each amplification 
reaction was loaded onto 4% NuS1eve/0.5X agarose gel 1n 1 x TBE buffer 
(0.089 M Trls borate, 0.089 M boric add t and 2 m EOTA) and 
10 electrophoresed for 60 minutes at 100V. After staining with ethldlum 
bromide, DMA was visualized by UV fluorescence. 

The results show that the machines used 1n Examples VIII and 
IX herein were equally effective In amplifying the DNA, showing 
discrete high-Intensity UO-base pair bands of similar intensity, 
15 corresponding to the desired sequence, j$ well as a few other discrete 
bands of much lower Intensity. In contrast, the amplification method, 
which Involves reagent transfer ffter each cycle using the Klenow 
fragment of E. coll Polymerase I, gave a DNA smear resulting from the 
non-specific amplification of many unrelated DNA sequences. 

20 It 1s expected that similar Improvements 1n amplification 

and detection would be achieved 1n evaluating HLA-OQ, DA and DP 
regions. 

It Is also expected that the procedure of Example I may be 
repeated using a blotlnylated probe prepared as described 1n U.S. 
25 Patent Nos. 4,582,789 and 4,617,261. 

EXAMPLE X 

cDNA was made from 1 ug of rabbit reticulocyte mftNA 1n a 100 
ul reaction volume containing 150 m KC1, 50 nti Tr1s»HCl (pH 8.3), 10 

m Mgci 2 , 5 m on, 0.5 m dATP, 0.5 m dCTP, 0.5 m dTTP, 0.5 m 

30 dGTP, 0.2 ug ol1go(dT)12-18, 40 units Rfcsln, and 5 units AMV reverse 
transcriptase, and Incubated for 30 minutes at 42°C. The reaction was 
stopped by heating for 10 minutes at 95*C. Two ug RNase A was added 
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to tht stop It (2 wl of a 2 mg/ml solution 1n water) and Incubated for 
10 minutes at 37*C. 

Three amplification reactions were done with the Klenow 
fragment using different pairs of primers. The primer pair PC03/PC04 
5 define a 110-bp product, the primer pair RS45/ol 1go(dT)25-30 define an 
about 370-bp product, and the primer pair PC03/ol 1go(dT)25-30 an about 
6 00 -bp product, PC03, PC04 t and RS45 are complementary to the human 
*»g1ob1n gene and each has two mismatches with the rabbit gene. PC03 
and PC04 are described in Example I. RS45 has the sequence: 5'- 
10 CAAGAAGGTGCTAGGTGCC-3 1 • 

The amplification reactions were performed with l/20th (S 
wl) of the cDNA described above 1n a 100 wl reaction volume containing 
50 m NaC1 k 10 rM Trls'HCI . (pH 7.6), 10 n* MgCl 2 , 200 yg/ml gelatin, 
101 ONSO, 1 * PC03 or RS45, 1 \H PC04 or ol 1go(dT)25-30, 1.5 nM dATP, 
15 1.5 «H dCTP f 1.5 m dTTP and 1.5 «H dGTP. The sanples were heated for 
five minutes at 98°C, then cooled to room temperature and overlayed 
with about 100 ul mineral o1 1 • 

The sanples were subjected to 10 cycles of automated 
amplification using the machine described 1n Example VIII and using 
20 the following program: 

1) heating from 37*C to 98°C in heating block over 2.5 
minutes (denature); 

2) cooling from 98°C to 37 # C over 3.0 minutes (anneal); 

3) adding 1 unit Klenow fragment; and 

25 (4) maintaining at 37*C for 20 minutes (extend). 

The final voluee of each sample was about 140 yl . 

One-twentieth (7 ul ) of each sanple was analyzed by 
electrophoresis on a 2% agarose gel. After staining with ethldlum 
bromide, discrete bands were seen In the PC03/PC04 and RS45/ol1go(dT) 
30 samples. The sizes of the bands were consistent with the expected 
lengths: 110-bp for the former, about 370-bp for the latter. No 
. evidence of amplification of an about 600-bp fragment with the 
PC03/ol1go(dT) primer pair was observed. 
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Tht contents of tht 9#1 were Southern blotttd onto a 
cttlonlc nylon membrane and hybridized with a nick-translated hunan B- 
globln probe, p6R328:betaA, described 1n Salkl et al., Science , supra , 
using standard techniques. The resulting autoradlo^ram extended the 
5 conclusions reached previously • the 110 and about 370-bp fragnwjnts 
were *-g1oMn specific amplification products and no significant 
amplification of the about 600-bp band was detected. ^ 

Three additional samples were amplified with the Thernus 
aquatlcus (Taq) polymerase obtained as described above using the same 

10 primer pairs described previously. Five microliter portions of d)NA 
were anpHfled In 100 ul reaction volumes containing SO M KC1, 25 m 
Tr1s*HC1 (pH 8.0) t 10 n* MgCl 2 , 200 ug/ml gelatin. 10% MSO, 1 * PC03 
or RS45, 1 * PC04 or ol1go(dT)25-30 t 1.5 « dATP. 1.5 m dCTP. 1.5 m 
dTTP and 1.5 nH dGTP. The samples were heated for five minutes at 

13 98*C. then cooled to room temperature. One microliter of Taq 
polymerase (1/8 dilution of lot 2) was added to each and overlayed 
with about 100 ul mineral oil. 

The samples were subjected to 9 cycles of anpHflcatlon in 
the Peltier device described In the previous example using the 
20 f ol lowing program: 

1) 1 mln. 35 to 60 # C ramp; 

2) 12 mln, 60 to 70*C ramp (extend); 

3) 1 mln, 70 to 95*C ranp (denature); 

4) 30 sec. 95 9 C soak; 

25 5) 1 mln. 95 to 35*C ranp (anneal); and 

6) 30 sec. 35*C soak. 

After the last cycle, the sanples were Incubated an 
additional 10 minutes at 60*C to complete the final (10th cycle) 
extension. The final volume of each was about 100 ul. 

30 As before. l/20th (10 ul) of each sample was analyzed on a 

2% agarose gel. In this gel. aiq>11 flcat Ion products were present In 
all three' samples: 110-bp for PC03/PC04, about 370-bp for 
RS45/ol1go(dT). and about 600-bp for PC03/o1 Igo(dT). These results 

35 were confirmed by Southern transfer and hybridization with the 
pBR328:betaA probe. 
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The production of tht 600-bp product with Taq polymerase but 
not with tht Klenow fragment 1$ significant, and suggests that Taq 
polymerase 1$ capable of producing longtr DMA than tht Klenow 
fragment. 

3 In summary, tht ttchnlqut htrtln wherein nucltlc adds art 

amplified 1n a chain rtactlon In which primer extension products art 
proceed which can substqutntly act as te**>1ates, and tht anpllfled 
samples art analyzed using sequence-specific probes provides several 
l^ortant advantages. It 1s a simplified proctdurt btcaust tht 
10 amplified samplts can bt spotttd on a filter membrane as a dot blot, 
thtrtby avoiding the restriction digestion, electrophoresis and gel 
manipulations otherwise rtqulrtd. It Is a mort specific proctdurt 
because tht amplification greatly Incrtasts tht ratio of sptdflc 
targtt sequence to cross-hybrldlring sequences* 

l * In addition, the process herein Improves sensitivity by 10 3 - 

10 4 . An Interpretable signal can bt obtained with a 1 ng sarnie after 
an overnight exposure. Finally, by Increasing the amount of sanple 
applied to the filter to 0.1 to 0.5 ug, 1t Is possible that 
Motlnylated oligonucleotide probes may be utilized. 
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THl EMBODIMENTS OF TH1 INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR MUVIUOE 
IS CLAIMED ARE DEJDflD AS FOLLOWS I 

1. A proctM for detecting the presence of a nucleotide variation in 
sequence la a nucleic add contained in a sample, vhich proc.it comprises* 

(a) treating the sample, together or sequentially, vlth four 
different nucleoside triphosphate*, an agent for polymerisation of the 
nucleoside triphosphates, and tvo oligonucleotide primers, for said auclale 
acid containing said variation undar hybridising condition*, auch that a 
pri**r hybridises to aaid nuclale acid and an axtanaion product of tha primer 
ia eynthesited vhich ia complementary to aaid nuclaotida variation in 
sequence, wherein aaid primers ara aalactad auch that tha axtanaion product 
aynthaalsad froai ona primer, vhan separated froai ita complement, can serve as 
a template for synthesis of tha extension product of the other pr inert 

(b) treating the sample under denaturing conditions to separate the 
priner extension products froai their templates I 

<c) treating the sample,, together or sequentially, with said four 
nucleoside triphosphates, an agent for polymerisation of tha nucleoside 
triphosphates, and oligonucleotide primers such that a priner extension 
product Is synthealsad using each of tha single strands produced in step (b) 
aa a template, wherein steps <b) and (c) are repeated a aufficient number of 
tines to result in detectable amplification of tha nucleic acid containing the 
sequence variations 

(d) directly transferring, without gel fractionation, the product of 
atep (c) to a membranes 

(a) treating the membrane under hybridisation conditions with a 
labeled sequence-specific oligonucleotide probe capable of hybridising vlth 
tha amplified nucleic acid sequence only if a sequence of the probe is 
complementary to a region of the amplified sequence; and 

(f ) detecting whether the probe has hybridised to an amplified 
sequence in the nucleic acid sample. 

2. Tha process of claim 1, wherein the nucleic acid in the sample is 
extracted from tha sample prior to step (a), and atapa (b) and (c) are 
repeated at leaat five times. 
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3. Tha procaaa of elala 2, vharaln tha aaapla coot* in* huun ganoale 
DNA And atapa (b) and (c) ara rapaatad 15-30 tlaaa. 

4. Th€ procaaa of clala 1, vharaln aald nucUic acid it 
doubla-atrandad and it* it rind* ara aaparatad by danaturlaj bafora or during 
■ttp <a). 

5. Tha procaaa of clala 1, vharaln aald nucleic acid i* 
• 1 ng 1 •-• t randad . 

6. Tha procaaa of claia 4, vharaln *ald nuelale acid la ONA and aaid 
priaara art ollgodaoxyribonuclootldaa. 

7. Tha procaaa of claia 4. vharaln said nuelale acid ia aaaaangar 
RNA and said priaara art oligodaoxyrlbonuclaotlda*. 

8. Tha procaaa of claia 3, vharaln aaid nuelale acid 1* ONA and said 
priaara ara ollgodaoxyribonuclaotldaa . 

9. Tha procaaa of clala 5, vharaln aald nuelale acid ia aaaaangar 
RNA and aald priaara ara ollgodaoxyribonuclaotldaa. 

10. Tha procaaa of clala 1, vharaln aald afaat for polyaarisatlon la 
aalaetad froa tha group conaiatln* of L c^H DNA Folyaaraaa I, ti^anov 
fracaant of L coll DNA Polyaaraaa I, T4 ONA polyaaraaa, tharaoatabla 
polyaaraaa ansyaa, and ravaraa tran*cripta*a . 

11. Tha procaaa of clala l t vharaln tha auclaotlda Tariation In 
aaquanca la contained vlthln a huaan nuelale acid aalaetad froa tha croup 
eonalatlng of a bata-globin gana} an oncoganat an HLA-DQb, DQft, ntB 9 DBB and 
DFfl gtnat and altochondrlal DNA. 

12. Tha procaaa of clala 11, vharaln tha nuclaotlda variation in 
aaquanca la aaaociatad vlth inaulin-dapandant dlabataa aallltua. 
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13. The procaaa of claia I, vharain tha nucleotide variation in 
aaquanca is contained vithln tha nucleic acid of an organ! mi that can cauM an 
lafactioua diaeaea. 

14. tha procaaa of elala 1, vharain tha aaapla coaprieea colli v and 
tha procaaa fur tha r coaprlsea, bo fort stap (a), tha atap of heating tha aaapla 
efficiently to expoee tha nuclaic acid(a) t hart in. 

15. Tha procaaa of claia la, vharain tha aaapla la paripharal blood 
lyaphocytea or aanlotlc fluid. 

16. Tha procaaa of claia 1, vharain tha aaapla la a eeaea, hair or 
blood aaapla, or contalna altochondrlal OU, and tha procaaa la uaad in 
foranaic anal/aia. 

17. A procaaa for datactlng tha praaanca of a nucleotide variation 
in aaquanca in a nuclaic acid containad In a aaapla, vhich procaaa coaprlaaat 

(a) treating tha aaapla, togathar or aequantlally, vith four 
dlffarant nuclaoalda triphoaphataa, an agant for polyaarisatlon of tha 
nuclaoalda triphoaphataa, and tvo oligonucleotide priaara for aaid nuclaic 
acid containing aaid variation under hybridising conditions, auch that a 
prlaar hybrldisaa to aaid nuclaic acid and an axtanaloo product of tha priaar 
la aynthaalsad vhich la eoaplaaantary to aaid variation in aaquanca, vharain 
aaid priaara ara aalactad auch that tha extern ion product aynthaalsad froa one 
prlaar, vhaa aaparatad froa ita coaplaaant, can aerva aa a taaplata for 
aynthaaia of tha extenalon product of tha other priaart 

(b) treating tha aaapla under denaturing conditiona to aeparate the 
prlaar extenalon products froa their taaplataa; 

(c) treating tha aaapla, togathar or aequantially, vith aaid four 
nuclaoalda triphoaphataa, an a««&t for polyaarisatlon of tha nuclaoalda 
triphoaphataa, and oligonucleotide priaara auch that a priaar ex t en • ion 
product la aynthaalsad using each of tha singla etrande produced in atep (b) 
aa a taaplata, vharain atapa (b) and (e) ara rapaatad a aufflclent number of 
tiaaa to raault in detectable amplification of tha nuclaic acid containing tha 
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sequence variation, and wherein at hut one primer and/or at least on. of th 
four nucleoside triphosphates ia lab* ltd with a detectable moietyt 

-(d) treating a membrane U_which is attached a sequence-specif ic 
oligonucleotide capable of hybridising with the amplified nuclaic acid 
atqutnea only if a sequence of the oligonucleotide it complementary to a 
region of the amplified sequence under hybridixation conditions vith the 
product of step (c)i and 

(e) detecting whether an amplified sequence In the nucleic acid 
sample has hybridised to the oligonucleotide attached to the membrane. 

18. A process for detecting the presence of a nucleotide variation 
in sequence in one or more nucleic acids contained in a sasiple, which process 
comprises: 

(a) treating the saaple, together or sequentially, with four 
nucleoside triphosphates, an agent for polymerisation of the nucleoside 
triphosphates, and two oligonucleotide primers for said nucleic acid 
containing said variation under hybridising conditions, such that a primer 
hybridises to said nucleic acid and an extension product of the primer is 
syntheslsed which is complementary to said variation in sequence, wherein said 
primers are selected such that the extension product syntheslsed from one 
primer, when separated from its complement, can serve as a template for 
synthesis of the extension product of the other primer; 

(b) treating the sample under denaturing conditions to separate the 
primer extension products from their templates i 

(c) treating the sample, together or sequentially, vith said four 
nucleoside triphosphates, an agent for polymerisation of the nucleoaide 
triphosphates, and oligonucleotide primers such that a primer extenalon 

pre duct is syntheslsed using each of the single strands produced in step (b) 
as a templets, wherein step (b) and (e) are repeated a sufficient number of 
times to result in dettctable amplification of the nucleic acid containing the 
s.«q-jence variation! 

(d) treating a membrane to which is attached a labeled 
sequence-specific oligonucleotide probe eapable of hybridising with the 
amplified nueleic acid sequence only if a sequence of the probe ia 
complementary to a region of the amplified sequences 

(e) treating the membrane under hybridisation conditions vith the 
product of step (c); 
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it) tr.atlag th. product of .top (.) with . r.striction „,y« vhich 
will cl.av. any hybrid, for^d if th. prob. and nri.tl M (.) to b. d.tacfd 
both contain . restriction .It. rocogniwd by th. •axymmi and 

(|) d.t.ctlag vhothor a LboUd r.atrictioa frag^t or th. raqulr.,1 
l.ngth 1. pr...nt in th. r..trietloo di«..t to iadicat. that nybridisatioa 
occurrad . 

19. A kit for d.t.ctlag th. pr..«ac. of a nuelaotid. mUtt« la 
..<ru«c. in . Duel.ie Mid coataiaad In a »anvl.. ¥B ich kit coapris... in 
packaged form, a suit icon taln.r unit having! 

<a> tvo ollgonucl.otld. prls»rs for .ach nucl.ic . el4 B ^ VMCM 
varlatloa baiag d.t.ctad. vhich pri»»r. ar. M l«cud auch that an «t«.loa 

product ■ynth.alt.d fro. oa. prlawr, vh.n s.paratad fro. its ™-pi , ema 

».nr. a. • t^pUt. for th. .yoth..i. 0< th. axtanaion product of th. o!h.r 
prls»r so to produc. aavllfLd nucl.ic acid ..*.««.. contain!** th. 
ssqusnc. variation: 

(b) an agaat for polywrizatloa; 

(c) four difftraat nuclaosld. trlphoaphat.a: 

(d) a ••auanco-ap.clflc olitonuclaotid. prob. capabl. of hybridisiag 
with th. aapllfUd nucl.ic acid s.qu.ac. only if . s.quanc. of th. prob. la 
coaplaattntary to a r.glon of th. aapllfi.4 a.auanc: and 

(•) t sttbru. to vhich upllt i«d nucl.ie acid can bind for 
subsequent d.t.ctlon by prob. hybridisation. 

20. Th. kit of claia 19, vhcr.in said prlavrs ar. 
ollgod.oxyriboaucl»otld.s. said aucl.oald. trlphoaphat.s ar. dATP. dCT?. dCT? 
and TTF, and th. prob. is lab. lad. 

21. Th. kit of claia 19. further coaprla.a aaaos for ..par. ting th. 
atraads of any doubl«-straad«d nucl.ic acids contains in th. saapl.. 

22. Th. kit of claia 19. vh.r.ia th. agent for polyswrisation is an 
antra, s.l.cted froa th. group con. i. ting of L sail OU Folya»ra.e I, Klsnov 
fragaant of LSJUWI Felyaaraae I. T* CNA Folys»ras«. a ha.t-.tabl. OU 
polymer... .nsyaw, and reverse transcripts... 
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23. Tha kit of clala 19, further coaprlslbg a positive cootrol for 
the probe which cod tains one or aore nucleic acids with the nucleotide 
variation to bo detecte4 and a negative cootrol for the tiobe vhlch doea not 
contain tha nuclalc acida vith tha nuclaotida variation to ba detecte*. 

24. Tha kit of clala 19, vharaln tha nucleotide variation in 
sequence la cootalnad vlthln a huaan nuclalc acid aalactad froa tha (roup 
consisting of a beta-glob in (anas an HLA-DQa, DQB, DM, Mb and OPft g«n # , a»d 
mitochondrial ONA. 

23. Tha kit of clala 24, vharaln tha nuclaotida variation in 
saquanca la associate vith insulin-dependent diabatas aallltus. 

26. Tha procass of Clala 17, vharaln said prlaars art 
ollgodeoxyrlbonucleotldes and said agant for polyaarlsation is a ONA 
polymerase. 

27. Tha process of Clala 26, vharaln said prlaars art labalad. 

28. Tha procasa of Clala 27, vharaln said nuclalc acid is ONA. 

29. Tha procass of Clala 27, vharaln said nuclalc acid is KNA. 

30* Tha procasa of Clala 28, vharaln said nuclalc acid is huaan 
gsnoaic ONA. 

31. Tha process of Clala 30, vharaln said prlaars amplify a sagaant 
of a Class II HLA gtna. 

32. Tha procasa of Clala 31, vharaln aaid gent is a DQo allala. 

33. Tha procasa of Clala 31, vharaln aaid gana is a DQft allala. 

34. Tha procass of Clala 31, vharaln said gana is a OFD allala. 

L>7 
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35. Taa procaaa of CI a la 31, vharaia Mid gtn« la a DPS allala. 



36. Tha procaaa of Claia 31, vharaia aaid gaaa la a Cftor allala. 



37. Tha procaaa of CI* 1a 31, vharaia aaid gaaa la a ORB allala. 



36/ A kit for datactlag tha praaaaca of a auclaotlda variation in 
aaquaaca la a nodal c acid contained la a aaapla, which kit coaprlaaa, la 



▼ariatloa balaf datactad, which priaara ara aalactad auch that aa axtaaaioa 
product aynthaalsad froa oaa prlaar, vhaa aaparatad froa ita coaplaaant, caa 
aarva aa a taaplata for tba aynthaala of tha axtaaaioa product of tha othar 
prlaar ao aa to product aaallfiad nuclaic acid aaquancaa coatalainf tha 
aaquaaca variations aad 



aaaaraaa, vharaia said proba la capabla of hybridising with tha aapllflad 
auclaic acid aaquaaca ©air if a aaquaaca of tha proba ia coaplaaaatary to a 
rag Ion of tha aapllflad aaquaaca. 

39. Tha kit of Claia 38, vharaia said priaara and proba ara 
ollgodaoxyribonuclactldaa . 



40. tha kit of Claia 39, vharaia aald priaara ara labala*. 

41. Tha kit of Claia 39, which furthar coaprlaaa a DNa polyaaraaa. 



42. Tha kit of Claia 4i fc which furthar coaprlaaa four diffaraat 
auclaoalda S'-triphoaphataa. 



packagad fora, a aulticontaiaar uait hawing: 

(a) two ollgoauclaotlda priaara for aaeh nuclaic acid aaquaaca 



(b) a aaquaaca-apacif ic ollgoauclaotlda proba attachad to a 




